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2.0 ABSTRACT

A total of eight spring chinook redds were successfully
capped in 1986. The mean survival to emergence was 56.7 % and
ranged fram 21.9 to 90.0 %.

The smolt outmigration was monitored at Wapatox on the Naches
River and Prosser on the lower Yakima., The spring outmigration at
Wapatox was estimated to be 6,671 smolts. The 1986 outmigration
of wild spring chinook from the Yakima Basin was estimated to be
169,076 smolts at Prosser.

The survival from egg to smolt was calculated using the 1984
redd counts and the 1986 smolt outmigration at Prosser. The
estimated survival was 4.6 %, which gives a mean egg to smolt
survival over four years of 5.1 %.

In 1986 a total of 8,557 adult and 349 jack spring chinook
salmon returning to the Yakima River were counted at Prosser fish
ladder. This gives a total of 8,906 salmon returning to Prosser
bam. The median dates of passage were May 18 and May 26 for
adults and jacks respectively. An additional 530 fish were
estimated to have been caught in the vakima River subsistence
dipnet fishery below Horn Rapids and Prosser Dams. Therefore,
total return to the Yakima system was 9,442 spring chinook salmon.
This was the largest return of spring chinook salmon to the Yakima
River in 29 years,

Spring chinook were counted at Roza Dam from May 13 to
September 30, 1986. Passage at Roza Dam was 2,967 adult and 284

jack spring chinook for a total of 3,251 fish., The median dates




of passage at Roza Dam were June 6 and June 23 for spring chinook
adults and jacks respectively.

The smolt to adult (Sga) survival was calculated based on
the 1983 smolt outmigration estimated at Prosser and the 1984
return of jacks (3 year old fish), the 1985 return of four year old
adults, and the 1986 return of five year old fish to the vakima
River. It was estimated that 6,102 wild three, four, and five
year old fish returned from an estimated smolt outmigration of
135,548 fish in 1983. This gives an estimated survival from smolt
to adult of 4.4%.

The smolt to adult survival for the 1984 smolt
outmigration was 4.5% with 423 jacks returning in 1985 and 5,163
four year old adults returning in 1986 from an estimated 123,732
smolts in 1984,

Spring chinook adults from eight different hatchery
release groups were recovered in 1986. A total of 31 coded wire
tags were recovered and these were expanded to an estimated 65

returning hatchery fish in 1986, Four of these fish were jacks.,



3.0 INTRODUCTION

The population of Yakima River spring chinook salmon
(Oncorhynchus tshawytscha) has been drastically reduced from
historic levels reported to be as high as 250,000 (Smoker, 1956).
This reduction is the result of a series of problems including
mainstem Columbia dams; dams within the Yakima itself; severely
reduced flows due to irrigation diversions; outmigrant leoss in
irrigation canals; increased thermal and sediment loading; and
overfishing. Despite these problems, the escapement of spring
chinook to the Yakima River has continued at levels ranging from
166 to 9,442 since 1957.

In October, 1982, the Bonneville Power Administration
contracted the Yakima Indian Nation to develop methods to increase
production of spring chinook in the Yakima System, The Yakima
Nation's current enhancement policy attempts to maintain the
genetic integrity of the spring chinook stock native to the Yakima
Basin. Relatively small numbers of hatchery fish have been
released into the basin in past years. Data from the Wenatchee
System indicate a return rate from hatchery smolts of less than
.25% (Mullan, 1982), Return rates from the current Yakima study
smolt releases are ,07%. These low return rates indicate that few
fish would have returned from these early hatchery releases, Thus
the genetic input fram hatchery fish intc Yakima Basin stocks is
probably negligible,

The goal of this study is to develop data that will be used

to present management alternatives for Yakima River spring



chinook, The study has five major objectives, The first
objective is to detemmine the distribution, abundance and survival
of wild Yakima River spring chinook. Naturally produced
populations are being studied to determine if these runs can be
sustained in the face of present harvest and environmental
conditions, Survival through each life stage is being evaluated in
an attempt to determine limitations to matural production in the
basin. Survival to emergence studies are being conducted to
determine survival through the incubation stage. Analysis of the
relationship between survival to emergence and gravel substrate
quality 1s being undertaken, Seining at selected sites and
electroshocking surveys have been conducted to evaluate
distribution and abundance of juvenile fisn, Smolt outmigrations
are monitored at the Wapatox juvenile trap on the Naches River and
at the Prosser juvenile trap on the mainstem Yakima River. Adult
returns are determined by monitoring the Yakima Tribal dipnet
fishery, counting adults at Prosser and Roza fish ladders, and
through spawning ground surveys., Physical parameters such as
water temperatures and stream flow are monitored throughout the
basin,

The second major objective of this study is to determine the
relative effectiveness of different methods of hatchery
supplementation, This objective 1s divided into three
sub~objectives:

a) Determination of optimal release time Smolt releases are

the norm, but fingerlings were released in June, September, and

Novamber of 1984 and 1985. bDownstream survival of these smolts



will be evaluated and adult retumrns will be monitored,

b) Determination of optimal manner of r e In the past,
fish have either been transported from a hatchery and released
into the Yakima River, or raised in rearing ponds. These methods,
as well as the use of acclimation ponds, will be evaluated.

c) Determination of optimal release stocks Smolts will be

released as hatchery X hatchery, hatchery X wild, and wild X wild
crosses to determine the effect of genetic makeup on the success
of various releases, Success will be measured as the number of
adults returning, as well as whether spawning timing is similar to
the wild stock.
Adverse interactions between hatchery releases and wild stocks
will be minimized by scatter-planting hatchery fish so densities
in the river will remain low enough to minimize competition for
food and space.

The last three major objectives of the study are:

3) to locate and define areas in the watershed which may be used
for the rearing of spring chinook;

4) to define strategies for enhancing natural production of
spring chinook in the Yakima River; and

5) to determine the physical and biological limitations on
production within the system,

These objectives will be met at the end of the study when the

database is complete,

This project is a multi~year undertaking that will evaluate
different management and enhancement strategies. At the

conclusion of this study, a series of alternatives will be




developed that can be used to determine how best to enhance the
runs of spring chinook in the Yakima Basin. Annual reports were
presented in 1983 (Wasserman and Hubble, 1983), 1984 (Wasserman,
Hubble, and Watson, 1985) and 1985 (Fast, Hubble, and Watson,
1986). A detailed description of methods and materials used in
this study can be found in these earlier reports. This current
report is concerned with new findings in 1986 and some

re~evaluation of previous data in light of current information.



4.0 DESCRIPTION OF STUDY ARFA

The Yakima River is located in central Washington and flows
217 miles from its headwaters in the Cascade Mountains {elevation
2,448 ft) to the Columbia River near Richland at river mile (RM)
335 (Figure 1). The Yakima River Basin drains 6,155 square miles
of the east slopes of the Cascade Mountains in Kittitas and Yakima
Counties., The Yakima River flows east and south through the
Kittitas vValley from its ruggedly glaciated headwaters, South of
the valiey the river cuts through Manastash and Umtanum ridges in
a deep carnyon. The river enters the middle valley above Yakima
through a gap cut in Selah Ridge and leaves through Union Gap in
Ahtanum Ridge. Rattlesnake Hills, crossing eastern Yakima and
northern Benton Counties, and the Horse Heaven Hilils to the south
are praminent features bordering the lower river in its 80 mile
reach from Union Gap to the Columbia River., The Yakima River
enters the Columbia River near Richland at an elevation of 300
feet.

The major tributaries, with the exception of Satus and
Toppenish Creeks, enter the river above the city of vakima., The
Naches River is the largest tributary, entering the Yakima at RM
101 and extending 51 miles to the junction of the Bumping and
Little Naches Rivers. The MNaches River drains an area of 1,106
square miles. Other important tributaries of the Naches include

the American and Tieton Rivers and Rattlesnake Creek,
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Important tributaries in the upper Yakima are the Teanaway
and Cle Elum Rivers, Numerous creeks, including Manastash,
Taneum, and Swauk, flow into the Yakima in the Kittitas valley.
The climate of the Yakima Basin varies from wet-alpine in the
Cascade Mountains to semi-arid conditions at the lower elevations.
The crest of the mountains receive 80 to 140 inches of
precipitation per year while approximately one third of the basin
receives ten inches or less. Sunmer temperatures average 55 F in
the mountains and 82 F in the valleys. During the winter monthly
maximum temperatures range from 25 F to 40 F and low temperatures
range from -20 F to -25 F.

The Yakima River Basin produces 3.5 million acre feet average
annual runoff, unregulated., The U.S. Bureau of Reclamation's
Yakima Irrigation Project has transformed the semi-arid region
into a productive agricultural region., Approximately 500,000
acres are presently under irrigation, consuming 2,25 million acre
feet each year, There are numerous dams and irrigation diversions
on the river, These include Horn Rapids, Prosser, Sunnyside,
Wapato, Roza, and Easton., A screening structure is associated
with each of these dams except at Easton. For an extensive
description of the vYakima Basin, see Bryant and Parkhurst (1950).

In the Yakima system, reservoir storage acts to regulate
flows. Mamrmade Kachess, Keechelus, and Cle Elum Lakes in the
upper Yakima and Bumping and Rimrock Lakes on the Naches system
are the major storage sites. These storage areas supplement flows
dﬁring the irrigation season (March-October) and store water in

the winter, Irrigation and power diversions generally reduce




flows in the lower sections of the Yakima River. Sunnyside and
Wapato dams near rivermile 108 divert approximately one-half the
total river flow at each site into irrigation diversions in the
summer and fall, Prosser diversion removes approximately 1,400
ofs for irrigation and power production throughout most of the
year, Due to the large irrigation diversions at Prosser and
Parker, flows drop dramatically in the lower river from June to
October, Approximately 50% of the flows withdrawn at diversion
sites re-enter the river downstream after being used for
irrigation or hydropower,

Prior to 1980, flows remained high on the spawning grounds in
September and October for irrigation purposes. Many fish that
spawned at this time deposited their eggs in shallow water near
the bank, When flows were decreased at the end of the irrigation
season, these redds were often dewatered. Following court action
in 1981 the irrigation flows were decreased in the Yakima branch
during the first week of September so that this problem would not
continue., To offset the reduction of flows fram the upper Yakima
in September, flow is increased in the Naches River from Bumping

and Rimrock Reservoir releases.



5.0 METHODS AND MATERIALS

5.1 NATURAL PRODUCTION

5.1.1 SURVIVAL TO EMERGENCE STUDIES

5.1.1.1 Fry Trapping

Methods for identifying redds and capturing spent female
spawners on the spawning grounds were detailed in Wasserman and
Hubble (1983). In early February 1985, redd caps (1/8" mesh) were
placed over nine previously selected redds in the upper Yakima
River between Easton and Cle Elum (Figure 1). Redd cap design
followed that of Tagart (1976). Caps were constructed to extend a
distance of at least one meter from the crown of the redd on all
sides. Edges of the cap were buried to a depth of nine inches,
All caps were installed by March 17, 1986, and each was checked at
least twice weekly until the first fish was captured. Thereafter
traps were checked daily except when high flows prevented
sampling, Survival to emergence was calculated as the total
number of captured emergent fry divided by the estimated number of
eggs deposited in each redd.

The number of eggs deposited was calculated using a
length-fecundity model developed from 20 females sampled during
the spawning ofthe 1985 brood stock, and three large unspawned
females collected in 1986. The mean weight of four 100-egg
samples was determined for each female. The weight per egg was

calculated and applied to the weight of the total egg mass to



estimate individual fecundity. The length-fecundity model was
then generated by regressing fecundity on fork length for these 23
observations,

Temperature unit (T.U.'s) calculations were derived from
thermograph data collected at the Bureau of Reclaimation gauging
station on the Yakima River (RM 183), Temperature units aquired
for a given day were calculated by subtracting 320F from the mean

daily temperature,

5.1.1.2 Gravel Analysis
Four gravel samples were taken on each riffle where a redd
was capped. Regression analysis was undertaken to determine the
relationship between survival to emergence and the size
composition of spawning gravel, For seven redds successfully
capped in 1986, gravel size composition was analyzed by
detemining the percent of the entire gravel sample retained in
each of 10 sieves (sizes 75mm, 26,5mm, 13,.,9mm, 9.5mm, 6,.7mm,
3.35mm, 1.7mm, .85mm, ,.425mm, and .212mm). This follows the
methodology of Tagart (1976). The quality of gravel associated
with study redds was assessed in terms of the fredle index
(Lotspich and Everest, 1981).
The fredle index (fj) is calculated by the eguation
£i = da/so
where dg = mean geometric diameter of the sample,
So = sorting index = (d75/dp5)1/2,
and dy5 and dps are grain sizes at the 75th and 25th

percentile, respectively.
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The relationship between size composition of spawning gravel
and survival to emergence was assessed by regressing survival to

emergence on the fredle index,
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5.1.2 DISTRIBUTION STUDIES

5.1.2.1 Beach Seining

The rearing density of juvenile spring chinook at several
gravel bars in the Yakima River upstream of the confluence with
the Naches River was estimated in September, 1986. Population was
estimated by the Leslie removal method (Ricker, 1975), using a 100
X 8 foot beach seine with 1/4 inch mesh, Seining was conducted in
glides at the interface between the main current and slower water
near the bank., Water depth was normally 3 to 5 feet deep. Sets
were initiated at the uppermost end of a glide. Sets were
conducted by an individual running with the seine towards
mid-stream, and then swinging downstream uncil the net was fully
extended., A second individual guided the net out and a third
anchored the lead line to the shore., A boat with a jet pump was
used at sites where deep water prevented running with the net.
Sets were made on the same glide until eithrer no spring chinook
were captured, or until five sets were condicted. Rearing density
was calculated as the ratio of the Leslie population estimate to

the measured area of the gravel bar,

5.1.2.2 Electroshocking Surveys

Electroshocking was oconducted in trioutaries not previously
sampled in the Yakima and Naches Rivers during the summer of 1986,
Sampling was conducted using a Smith-Root Type-VII backpack
electroshocker, Only salmonid species wesre collected, Fish

collected were anesthetized with MS-222, Data collected included

12



identification of species, numbers of fish, and fork lengths,
Stream measurements were taken for later determination of

population densities, The Leslie Method was used to estimate

population (Ricker, 1975)
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5.1,3 PROSSER SMOLT TRAP

Prosser smolt trap was operated contimwusly from February 23
to July 31, 1986, and one day per week from August 1 through
October 15. Prosser trap operates from abypass pipe that shunts
fish from rotary drum screens in Chandler Canal back to the
mainstem Yakima River, 1In 1984 and 1985 trapping efficiency (the
percentage of outmigrants passing Prosser Dam diverted into the
trap) was calculated via a series of releases of marked fish. The
statistical methodology for efficiency calculations was evaluated
by Douglas Chapman of the University of Washington Center for
Quantitative Science. A detailed description of the evaluation
process can be found in Appendix B. of thitc manuscript. The basic
procedure was as follows, Once each week, fish captured in the
trap during the night were cold-branded. Two groups were branded
differently, with one group released two miles upstream of the
canal intake, and the other in the canal. Efficiency (E;) was

based on the recapture rate of branded fist as follows:

El = Cri
Rri (Cci/Rci)
where Ej = fraction of fish diverted intc the canal in the ith
experiment;
Rci = number released directly into the canal in the

ith experiment;
Rri = number released directly into the river
in the ith experiment;
number recaptured from the caral release
in the ith experiment;
and Cri = number recaptured from the river release in the
ith experiment,
buring the 1984, 1985 and 1986 spring chinocok smolt

X

migrations a total of 28 separate efficieny tests were performed.

14



A relationship was developed between the combined 1984-86
efficiency data and mean river discharge (see Appendix B for
details). Four simultaneous tests using spring chinook and
steelhead and one test using spring chinook and hatchery coho were
performed., The results of these tests with steelhead and hatchery

coho were comparable to the results of the spring chinook tests,

15




5.1.4 WAPATOX SMOLT TRAP

The purpose of Wapatox smolt trap is to monitor the spring
chinook smolt outmigration in the spring and the pre-smolt
outmigration the rest of the year. Wapatcx smolt trap is located
on the Naches River at RM 17, just downstream from the confluence
of the Tieton and Naches Rivers (see Figure l1). The trap is
constructed on the Wapatox by-pass canal. Fish entering the canal
are shunted into a by-pass pipe (culvert) by a series of rotating
drum screens across the diversion canal.

Wapatox smolt trap began operation on March 22, when the
rotary drum screens were put into place. The trap was normally
checked at least 5 times per week and more often during peak
migration periods. Only salmonid species were enumerated. Fish
were anesthetized with MS-222 and fork lengths and weights were
recorded,

An attempt was made again this year to determine trap
efficiency as an empirical function of the percent discharge
diverted into the canal (P.D.C.) by making a series of releases of
marked fish at various discharges as was done at Prosser smolt
trap (see Fast et. al., 1984 and 1986). Unfortunately, too few
smolts were captured during the spring outmigration to have both
significant sample sizes and enough test releases to generate a
meaningful regression of efficiency on P.D.C. Therefore, the only
recourse was simply to assume trapping efficiency was eguivalent
to P.D.C, as follows:

Efficiency = P.D.C, = (Canal flow/river flow facing dam) x 100

16



This assumption probably does not hold at many river
discharges. At Prosser smolt trap, the assumption of "equal
numbers of fish in equal volumes of water" overestimates
efficiency at low river discharge ard underestimates efficiency at
high river discharge (Fast et. al., 1986, Appendix B).

When the trap was inoperable, an estimate of the daily catch
was made by using the mean daily catch from the two days

preceeding and following the closure,
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5.1.5 LOST CREEK FONDS

Lost Creek Ponds are located next to the Naches River at RM
38.7. They consist of two ponds, the upper pond being
approximately 40m x 30m and the lower pond being approximately
100m x 20m, Pond depths range from 0.5m to 1.,5m, Water flow to
the ponds is supplied by a small diversion ditch, which diverts
flow from the Naches River, ard by groundwater seepage from the
river, The lower pond returns flow back to the river.

In past years juvenile spring chinook have been observed
rearing in these ponds, 1In late February, 1986 traps were
installed at both the inflow diversion ditch and at the outlet of
the lower pord to detemmine the extent of rearing in these pords.
Both traps were monitored through August.

Spring chinook captured in the inflow trap were enumerated
and freeze-branded, using a dry ice and acetone slurry. Branded
fish were held 24 hours for recovery prior to release below the
trap, Four different brand codes were used throughout the
trapping period. The same brand code was used in March and April,
then was switched in May and again in June. A fourth brand code
was used in both July and August., Fork lengths were taken from a
portion of the daily catch,

Not every spring chinook captured at the outlet trap was
branded. Sources of unmarked fish included fry resulting from the
spawning of brood stock held in the lower pond, and fry that
entered the pond when the inflow trap was not fish-tight during
periods of high discharge. Branded fish recaptured in the outlet
trap were enumerated and their fork lengths were recorded,

18



5.1.6 ADULT RETURNS

Adult spring chinook salmon harvested below Prosser in the
1986 Yakima Tribal ceremonial dipnet fishery were monitored under
the BIA 638 contract.

The Prosser and Roza Dam adult fish counting stations were
monitored in 1986. Counting at Prosser began April 1 and
continued through August. Roza Dam was monitored from May 13
through September 30, Water clarity at Roza Dam was such that
fish swimming over the counting board could be visually examined
for the presence or absence of an adipose fin. All
adipose~clipped fish were collected in a second trap and
sacrificed to recover the coded wire tags,

Spawning ground surveys were inititated on the American River
in mid-July as part of a coordinated effort between the Yakima
Indian Nation, the U,S, Fish and Wildlife Service, Washington
Department of Fisheries, and the Bureau of Reclamation. The
Yakima Indian Nation was the lead agency under a contract from the
Columbia River Inter~-Tribal Fish Commission, Spawning ground
surveys were conducted throughout each reach of spawning area once
each week. All carcasses were examined for adipose fins, and fork
length and mid-eye to hypural plate length were recorded. Scale
samples were taken, and gonads were examined to determine sex and
egg retention in females. Following examination the tail of each
fish was removed so it would not be examined more than once.

Several helicopter flights of the Yakima system were made in
conjunction with the Bureau of Reclamation during the spawning
period to determine spawning timing and general location of redds.

19




5.1.7 ESTIMATES OF SURVIVAL THROUGH VARIQUS LIFE STAGES

5.1.7.1 Egg to fry:

As previously discussed, survival from egg deposition to
emergence was investigated. Total egg deposition was calculated
as mean fecundity of Yakima River females (based on the length
fecundity model) multiplied by the number of redds located on the

spawning grounds.,

The total number of fry produced (F) was calculated as:

F = mean fecundity of Yakima River spawners x number of redds

X survival from egg deposition to emergence,

5.1.7.2 Egg to Smolt:

Survival from egg to smolt (Sgg) was calculated as:

Ses = estimated number of smolts at Prosser
total egg deposition for year class.

5.1.7.3 Fry to Smolt:

Survival from fry to smolt (Sfg) was estimated as:

Sgs = number of smolts estimated to pass Prosser
fry for year class

Estimates of egg deposition and fry production were made for
1981 to 1985 based on redd counts from spawning ground surveys.
Survival from egg to smolt and from fry to smolt were based on
1981, 82, 83 and 84 redd counts and 1983, 84, 85 and 86

20



cutmigration estimates at Prosser.

5.1.7.4 Smolt to Adult:

The smolt to adult survival (Sga) of wild spring chinook
salmon in the Yakima system was calculated from the 1983 smolt
outmigration estimated at Prosser and the 1984 return of jacks (3
years old fish), the 1985 return of four year old adults, and the

1986 return of five year old adults,
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PART 2

5.2 HATCHERY OPERATIONS
5.2.1 QUTPLANTING STUDIES

5.2.1.1 Pre-Smolt Releases

Groups of approximately 100,000 juvenile spring chinook (fry
to pre-smolts) were released into the upper Yakima River in June,
September, and November of 1985 to determine the optimum timing
for hatchery releases, Similar releases were made in 1984. The
fry, fingerlings and pre-smolts released in 1985 were from the
Leaverworth Fish Hatchery 1984 brood year, The fish were reared
at Leaverworth and trucked to the Yakima River and scatter-planted
at 12 sites between RM 155 and 200, All fish were coded-wire

tagged and approximately 10% were cold branded.

5.2.1.2 Smolt Releases

The effectiveness of hatchery-reared "native" (wild x wild)
and "hybrig" (wild x hatchery) vs. "hatchery" (hatchery x
hatchery) smolts was assessed by transporting three such groups to
Mary's Pond (RM 190, Yakima River) and allowing them immediate
volitional release. Fish were transported from Leavenworth
National Fish Hatchery and stocked into the pond over the period
March 26 through March 28, 1986. Release began the night of March
28. Similar releases were made from Nile Springs pond in 1983 and
1984, although these releases involved only hatchery smolts, A

second group of hatchery x hatchery smolts was transported from
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Leaverworth National Fish Hatchery and released directly into the
upper Yakima River (12 sites between RM 155 and 200) on April 9
and 28, 1986, All fish released in 1986 were coded-wire tagged,
and approximately 13% of the pond fish and 12.6% of the fish
released directly into the river were cold=branded,

Counts of branded hatchery smolts captured at Prosser smolt
trap were used to evaluate freshwater survival of both groups of
fish., Based on brand recoveries alone the relative survival of
each group was calculated, Total estimated passage of each group
yielded absolute survival rate estimates to Prosser., Smolt to
adult return rates of these two groups will be determined in 1987
and 1988 from captures of tagged fish in the ocean, mainstem
Columbia River fisheries, the tribal dipnet fishery on the Yakima

River, and from carcass recoveries on the spawning grounds.
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5.2.2 BROOD STOCK EVALUATIONS

Hatchery spring chinook introduced into the Yakima River from
1950 to 1984 have come from numerous sources and stocks (Table 1),
although, as previously mentioned, their contribution to the
genome of naturally spawning Yakima River fish has probably been
minimal., An experimental brood stock program was undertaken in
1984 and continued in 1985 to evaluate the benefits of using
spring chinook from the Yakima River as a source of gametes, The
purpose was to culture indigenous fish and to determine the
optimal stock for enhancement programs,

The best stock for enhancement programs will be determined by
a comparison of returns of adult fish from four release groups:
(1) a pond-acclimated group of hatchery-reared "hybrids™{Yakima
River males crossed with Leaverworth Hatchery females), (2) an
acclimated group of hatchery-reared "natives" (Yakima males
crossed with Yakima females), (3) an acclimated group of pure
hatchery smolts (Leavenworth males crossed with Leavenworth
females), and (4) a group of pure hatchery smolts released
directly into the river, Groups 1-3 will be allowed volitional
release from an acclimation pond in the upper Yakima River, These
groups will be used to determine if cultured fish that are the
progeny of Yakima River spring chinook have a greater success in
returning to the Yakima River than do non-indigenous stocks, The
fourth group will be used as a control on the value of acclimating
spring chinoock in ponds for various periods before allowing
volitional release, Returns from group four will be compared
directly to group three,
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Table 1. Historical plants of spring chinook in the Yakima River Basin,
Brood Release Size Nucer Brood Release
year date Hatchery fislylb released stock location
1958 8/59 Klickitat 143 20,000 Klickitat  Yvakima River
1960 5/61 Leaverworth 330 18,000 Icicle Yakima River
1961 2/62 Leaverworth 1000 5,000 Icicle Yakima River
1962 12/62 Leavaworth 1000 5,000 Icicle Yakima River
1962 63 12,500 Nile Springs
1963 64 10,000 Nile Springs
1971 6/73 Klickitat 58 162,400 Klickitat Naches River
1971 6/73 Rlickitat 58 162,400 Klickitat Arerican River
1974 7 8,580 Nile Springs
1974 4/76 Ringold 3 7,230 Ringold Nile Springs
1974 9/76 Klickitat 29 42,775 Klickitat Nile Springs
1975 /77 Klickitat 19 13,300 Klickitat  Nile to Richland
1976 3/78 Klickitat 7 2,462  Oowlitz Nile Springs
1977 4/79 Carson 20 50,000 Carson Yakima River
1977 4/79 Klickitat 12 25,000 Cowlitz Nile Springs
1978 4/80 Klickitat 10 24,000 Klickitat Nile Springs
1978 4/80 leaverworth 18 30,260 Carson Yakima River
1979 4/81 Klickitat 14 33,616 Klickitat Nile Sorings
1979 4/81 Leaverworth 20 400,221, Leaverworth Yakima River
1980 4/82 Leaverworth 14 100,050 ILeaverworth Nile Sxrings
1980 4/82 Leaverworth 15 401,714 Leaverworth Yakima River
1981 4~5/83 Leaverworth 18 103,110 ILeaverworth Nile Springs
1981 4/83 Leaverworth 19 97,012 Leaverworth Yakima River
1982 4/84 Entiat 19 29,636  Carson Nile Springs
1982 4/84 Entiat 25 42,552  Carson Yakima River
1083 6/84 Leaverworth 66 102,837 Carson Yakima River
1983 9/84 Leaverworth 25 102,833 carson Yakima River
1983 11/84 Leaverworth 22 108,305 Carson Yakima River
1983 4/85 Leaverworth 18 50,000 Carson Yakima River
1984 6/85 Leaverworth 66 100,000 Leaverworth Yakime River
1984 9/8& Leaverworth 25 100,000 ILeaverworth Yakima River
1984 11/85 Leaverworth 22 100,000 Leaverworth Yakima River
1985 3/86 Leaverworth 21 51,846  Carson Yakima River
1985 4/86 Leaverworth 20 50,657 Carson Yakima River
1985 3/86 Leaverworth 17 46,476 Carson/Yakima Yakima River
198 3/86 Leaverworth 17 33,052 Yakime Yakime River

Note: Native spring chinook broodstock in Klickitat River at times was
supplemented with Carson, Qowlitz, Eagle Creek, and Williamette Fish,
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5.2.,3 ADULT HATCHERY RETURNS

Six groups of adult hatchery fish :eturned to the Yakima
River in 1986. These groups were identifiec by the coded-wire tags
recovered in the spawning ground surveys and carcass recovery
surveys conducted in September and October of 1986. Recoveries
included survivors of the acclimated smolts released in the spring
of 1983 and 1984 (Nile Springs pond), survivors of the acclimated
smolts released in the spring of 1985 (Maw's pord), survivors of
the nomacclimated smolts released in 1983 and 1984, and survivors
of the November, 1984 release of pre-smolts.

The recoveries from the 1983 release croups were returning as
five year old fish and complete the dat:z necessary to calculate
the total survival (jacks, four-year fisl, and five-year fish)
from smolt to adult for that release.

The recoveries from the 1984 release groups were for four
year old fish only since this was the first year that fish
released in 1984 returned as adults (nc hatchery jacks were
reported in 1985).

Coded-wire tags were recovered from faur sources; the Yakima
Indian Nation Zone 6 ceremonial and subsistence fishery in the
Columbia River, the Yakima dip net fishery, the spawner surveys
and carcass recovery surveys in the Naches River, and from the
adult trap at Roza Dam, All tags recovered were expanded by the
sample rate (fish sampled/total number of fish caught for a
fishery or carcasses sampled/total number « spawners estimated in

each river for spawner surveys) and by themark rate or coded-wire
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tag retention rate.

Survival rate for hatchery smolt to adult was calculated by
dividing the total expanded return of adults fram each release by
the estimated passage of smolts by Prosser from that release. The
expanded return nunbers were also divided by the total number of
smolts released in each group to obtain a hatchery planting to

adult survival rate.
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6.0 RESULTS AND DISCUSSION

6.1 NATURAL PRODUCTION

6.1.1 SURVIVAL TO EMERGENCE STUDIES

6.1.1.1 Fry Trapping

Survival to emergence studies were successfully carried out
on eight of the nine redds capped in March, 1986. The females
spawning in the study reddas were captured between September 13 and
September 27, 1985 (Table 2). The unsuccessful redd had 124 fry
in the net the first day it was checked. It had 18 fry the secord
day, and no fry were collected after that, From this data we
assume that emergence had occurred before we capped the redd.
This redd was not included in the analysis.,

The mean survival from egg deposition to emergence of the
eight successfully capped redds was 56.7% and ranged from 21,9 to
90.0% (Table 3). This is much higher than the 20.6% mean and 13.0
to 30.6% range of survival to emergence reported in 1984 but very
close to the 62.5% (29.3 to 84.4%) reported in 1985, Daily totals
and cumulative captures for the capped redds are given in Appendix
Tables A,]1 through A.4,

It is believed that more fry were captured in 1985 and 86
because of modifications to the redd cap net. The addition of
liveboxes at the cod end of the net and the placement of vexar
under the net reduced the number of fry which previously may have
escaped through small holes caused by gravel abrasion,
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Table 2, Location of redds and size of females captured in
September 1985 for 1986 survival to emergence studies.

Location Date captured  Fork length (mm) ME-HP (mm)a
Salmon Ia Sac 9/19/85 750 600
S Country 1 9/21/85 680 560
S Country 3 9/26/85 770 700
Elk Meadows 1 9/13/85 770 620
Elk Meadows 2 9/26/85 75 620
LDS 9/21/85 680 570
Rnacres 9/24/85 695 570
Side Channel 9/27/85 760 640

aME-HP = mid-eye to hypural plate length,

The current results are consistant with laboratory studies
conducted by Tappel and Bjornn (1983) in which survival ranged
from 66 to 88% studies conducted by Koski (1975) indicated the
survival to emergence of chum salmon in experimental channels
ranged from 7.2 to 88.4% in three years of study, and the annual
mean survival ranged from 25.6 to 57.9%

The temperature units (T.U.'s) required for spring chinook
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emergence in 1986 are presented in Table 4. The mean number of
T.U.'s required for 50% and 100% emergence was 1,621 and 2,303,
respectively. These numbers coincide very closely with the means
of 1,967 and 2,291 T.U.'s required for 50 and 100% emergence in
the redds capped in 1584, and the 1,937 and 2,215 T.U.'s for 1985
redds. A length-fecundity model was developed based on twenty
Yakima River spring chinook females sampled during the spawning of
the 1985 brood stock and three large unspawned female carcasses
found in the Naches River (Figure 2). A statistically significant
(p < .05, r = +0.95) linear regression model was developed from
the twenty-three length fecundity points (Table 5}.

The equation that best fits this regression line was
Y = 15.62 (X) - 7305
where Y = estimated number of eggs at fork length X,
and
X = fork length in millimeters,
This equation was applied to the length measurements of the
females captured for the survival to emergence studies and the

number of eggs deposited in each redd was calculated (Table 3).

6.1.1.2 Gravel Analysis

Analysis was undertaken to determine the relationship between
gravel quality and survival to emergence. The fredle index, as
described by Lotspich and Everest (1981) and the corresponding
survival to emergence for each redd is presented in Table 6.

There was no significant relationship between survival to
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Figqure 2. Length-fecundity relationship developed fram 23 Yakima River
spawners in 1985 and 1986.
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6.1.2 DISIRIBUTION STUDIES

6.1.2.1 Seining Results

Table 7 presents the beach seining results in the Yakima
River during September, 1986, Spring chinook were collected at
all seining locations, with densities ranging from 0.01 fish/m2 to
0.34 fish/m2, Juvenile spring chinook abundance was greatest in
the Yakima Canyon (RM 135). Spring chinook abundance at Cle Elum
(RM 181) and Ellensburg (RM 152) was much lower. At the Cle Elum
location, spring chinook were collected at only one of the five
sub-sites seined, and the density was 0.02 fish/m2, gimilarly,
spring chinook were collected at only two of the four sub-sites at
the Ellensburg location. The mean density at these two sub-sites
was 0.03 fish/m2, The distribution pattern of spring chinook in
the upper Yakima River in September is similar to what has been
observed in previous years (Fast et. al., 1986), in that abundance
was greatest in the Yakima Camyon, and decreased upstream to Cle
Elum,

The mean fork length of spring chinook increased from Cle
Elum dawnstream to Selah. The mean fork lengths at Cle Elum and
Ellensburg were 82 mm and 84 mm, respectively., The mean fork
lengths at Yakima Canyon and Selah were 93 mm and 98 mm, The
increase in mean fork length from Cle Elum to Selah may be due to
higher temperatures and growth rates, or possibly to a general

downstream movement of larger fish.
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Table 7. Density estimates for spring chinook on selected grawel bars
in the Yakima River Septarber, 1986.

Location (RM) Density Area seined _ Fork length (mm)
Site number (fish/m2) (m2) X () n
Cle Elum (81)
1 028 550 82 10
2 .00 468
3 .00 466
4 .00 —
5 .00 400
Ellensburg (152)
1 .01a 350 80 20
2 .00 500
3 .00 468
4 .05a 525 88 18
Yakima Caryon (135)
.09
1 (.07-.15) 1,320 9l 118
.34
2 («31-.38) 392 94 131
.02
3 (.02) 750 —
.03
4 (.03-.04) 1,650 93 55
01 720
5 {.01) 101 8
Selah (118)
01 861
1 (.01) 98 8
2 .00 —_
.02 768
3 {.01-.02) 97 12
.02 616
4 {.01-.02) 98 10
.06 1,584
5 (.05-.06) 98 9l

Aonfidence intervals not available.
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6.1.2.2 Electroshocking Surveys

Electroshocking surveys were conducted in several previously
unexamined tributaries in the Naches and Yakima River systems,
Results are presented in Table 8. 1In the Naches system spring
chinook were captured in Quartz, Milk, Cowiche, and Little
Rattlesnake Creeks, as well as a side channel of the Naches River.
Density estimates were 0.02 fish/m2, 0,06 fish/m?, 0.01 fish/m2,
0.03 fish/m, and 0.25 fish/mé, respectively. Thorton and Taneum
Creeks were surveyed in the Yakima system. Spring chinook were
not found in upper Taneum Creek, although spring chinook were
observed in lower Taneum Creek in 1985 (Fast et. al., 1986).
Spring chinook density in Thorton Creek was 0,35 fish/m2,

Thorton Creek has one of the highest densities of any of the
tributaries surveyed thus far. However the tributary has an
impassable man-made barrier approximately 0.25 miles upstream from
its confluence with the Yakima, limiting the amount of accessable
habitat, It is believed that spawning occurs in the mainstem
Yakima, and that fry move into tributaries to rear. The one
exception to this might be the side channel to the Naches River,

where same spawning may take place,
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Table 8. Sumary of electroshocking data for spring chinook in the
Yakima and Naches River systems, sumer 1986,

chinook _
Location Date Pop. est, density X (mom)
Little Naches River
Bear Creek 7-31 0
North Fork 7-15 0
Crow Creek 7-17 0
Middle Fork 7-23 0
Pile-Up Creek 7-24 0
Jungle Creek 7-28 0
Quartz Creek 7-12 1 01
(1) (.01)
Arerican River
Masatchee Creek 7-08 0
Rettle Creek 7-21 0
Union Creek 7-14 0
Naches River
Side channel RM 41 9-03 88 .25 67
(82-103) (.23-.29)
Rock Creek 7-22 0
Milk Creek 8~04 228 062 75
Lost Creek 7-16 0
(1)
Battlesppake River
Little Rattlesmake 7-23 1a 012
Yakima River
Thorton Creek 8-28 87 2.35 78
(77-119) (.31-.49)
Taruem Creek 8~05 0
Cowiche Cr, (upper) 7-29 0
Cowiche Cr. (lower) 7-28 23 .03 85
(18-32) (.02-.04)

Aonfidence intervals mot available.
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6.1.3 PROSSER SMOLT TRAP

Smolt outmigration was estimated from a logistic relationship
between percent river diversion and percent entrainment (Fast et.
al,, 1985). A new logistic relationship was fit to data from test
releases made in 1984, 1985 and 1986. This relationship was used
to estimate 1986 outmigration and to "re~estimate" outmigration
for 1983-1985 (see Appendix B), (Test releases will be made
throughout the duration of the project. The diversionentrainment
relationship will be refined and the outmigration of previous

years re-estimated on a yearly basis.).

6.1.3.1 Winter Movement

Under a contract with the Bureau of Reclamation, winter
movement of juvenile salmonids was investigated by fishing a fyke
net in Chandler Canal. The net was fished from January 17, 1986
through January 19, 1986, and on February 14, 1986. Fishing time
was restricted by severe icing problems and net damage. Total raw

catches of juvenile salmonids are summarized in Table 9.

Tehle 9. Smmary of fyke — ret aphures of salmonids in Gendler Gaal Janary
17 through Janary 19, 1986 ad Febnary 14, 1986.

Fishing wild Hatdery Wild Batchery chinock  Batchery dminook

period chinock  chinock  steellead released released
Septarter 1985 Septerber 1985

Jnl7-19 50 6 7 3 2

Feb 14 6 3 5 0 0

Total 56 S 12 3 2
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The significance of these figqures cannot be assessed as the
capture efficiency of the net was not determined., If, however,
one assumes capture efficiency was 100 percent, outmigration may
be estimated from the diversiomentrainment relationship. By this
procedure it was estimated that at least 450 wild chinook, 39
hatchery chinook, and 80 wild steelhead moved past Prosser Dam in
four days.

The same fyke net was also fished in Chandler Canal from
January 24, 1985 through February 3, 1985, and from February 13,
1985 through March 2, 1985 (Anonymous 1985). Total estimated
outmigration for wild juvenile chinook and steelhead over these 29
days was 3,637 and 2,487, respectively, It therefore appears that
juvenile chinook and steelhead migrate downstream in some numbers
in late winter, well before the spring smolt run. If the large
fall outmigration of juvenile spring chinoock and steelhead
observed in tributaries of the Salmon River in Idaho (Bjornn,
1971) also occurs in the Yakima system, all statistics pertaining
to smolt production will have to be re—assessed, The Yakima
Nation has a tentative agreement with the Bureau of Reclamation to
continue operating the screens and fish by-pass on Chandler Canal
after the annual maintenance period in late October until icing
becomes a serious problem, perhaps well into December, 1986. The
smolt trap will be operated throughout this period and the

magnitude of any fall pre-smolt outmigration will be determined.
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6.1.3.2 Spring Movement

Trapping at the Chandler Canal smolt trap began February 23,
1986, and continued on a 24-hour basis until July 31, 1986. From
August 1 through October 15, when the canal was drained for
maintenance, the trap has been run one day a week. Continuous
operation was resumed November 16, when maintenance was completed.
From August 1 through October 15, a total of six juvenile chinook
and one juvenile steelhead was observed in eleven 24-hour sets.
Analysis of data collected after November 16 is still in progress.

A total of 296,278 salmonids were counted at Prosser trap in
1986, Lengths, weights and scales were taken from random samples
of all species and release groups on a daily basis. In addition
1,139 unbranded, ad-clipped hatchery spring chinook were
sacrificed for coded wire tag analysis. The total catch included
108,612 wild s‘pring chinook, 19,815 wild fall chinook, 45,441
hatchery spring chinook, 27,283 hatchery fall chinook, 50,576 wild
steelhead, 13,924 hatchery steelhead, 1,576 hatchery rainbow trout

and 29,051 hatchery coho {see Table 10 ).

6.1.3.3 Wild Chinook

Total 1986 outmigration of wild spring and fall chinook was
estimated to be 169,076 and 30,212, respectively (Table 11
summarizes weekly passage in 1986, and Appendix B summarizes daily
passage estimates). Outmigration for 1983-1985 was also
re-estimated with the new relationship, and revised fiqures appear

in Table 12.
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Tahle 12, Estimeted outmigration of wild salmonid awlts at Prosser Dam,
1983-1986, ad estimated egg-to amlt swvival for wild spring
chirock, (Uncarected far intra-canal mortality.)

WQd spring Bog-to-amlt wild fall - Wild steelhead

Year spring chinook

1% 169,077 4.59 30,212 104,349
1986 8,614 4,47 60,186 55,027
¥ 13,70 4.89 33,400 6,971
198 136,102 6.45 87,178 58,241

It should be noted that the figures in Table 12 implicitly assume
all smolts entering the canal survive passage through it. 1In
light of the results of releases of branded smolts into the canal,
this assumption is highly improbable (see Appendix B.)}. Seber
(1982) developed a formula to estimate natural mortality for a
system subject to natural and fishing mortality, both of which
occur at an exponential rate., If one assumes that "unhandleg"
fish suffer the same intra-canal mortality as branded fish
released at night (when virtually all smolt movement occurs) then,
allowing recaptures of marked fish to take the place of "fishing
mortality," it is possible to use Seber's formula to estimate the
instantaneous rate of natural mortality in the canal, M., Release
data from 1984-1986 allow estimation of a mean M for April and May
of 0.0828 and 0,1370, respectively.

If one further assumes that all unhandled migrants traverse
the canal in one day (24 hours) and that canal mortality is

constant from March through April and from May through July,
45




outmigration to Prosser Dam can be corrected for in-canal losses
by dividing the appropriate monthly estimates by the survival rate
for canal passage , e "M, A summary of seasonal catches of wild

salmonids adjusted in this manner appears in Table 13.

Teble 13, Estimated total outmigration of wild juenile salnmonids to Prosser
Dem in the years 1983-198, and estimeted egg~to-amilt survival
rates for wild gring chinock.  Estimates have been adjusted for
lossss during carel pessxe.

wild Byg-to-amolt wild
sxing srvival, wild fall wild
(peroent)
1986 187,84 5.10 34,65 115,717
1966 2,546 4,95 68,928 61,829
1984 138,649 5.48 38,33 74,123
1983 150,555 7.13 99,938 65,368

It is unlikely that all of the assumptions entailed by the
estimates in Table 13 are met, Therefore these figures should be
regarded as a rough upper estimate of the degree to which
outmigration may have been underestimated because of undetected
losses associated with canal transit. The figures in Table 13 are
roughly ten percent larger that the unadjusted figures in Table
12. True figures are probably samewhere in between, because the
trans-canal survival of unhandled migrants can be neither 100
percent nor so low as in fish subject to the stress and
disorientation of handling.

Until it becomes possible to estimate intra-canal losses of
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unhandled fish more precisely, the unadjusted figures in Table 12
are the most accurate available and will be the ones employed in
calculating other statistics,

A outmigration of 169,076 spring chinook smolts in 1986 is
oonsistent with with brood year (1984) escapement and the low
flows that occurred in the Yakima River during April and May.
Estimated egg deposition in 1984 was 3,686,128 (Fast et, al.,
1985). Table 14 illustrates that mean monthly discharge in April
and May at Prosser and Sunnyside Dam was comparable in 1984, 1985
and 1986, and was substantially higher in 1983, The mean
estimated egg-to-smolt survival for 1984 and 1985 is 4.68 percent,
a rate which would predict a 1986 run of 172,510, just two percent
greater that was actually observed, If egg-to-smolt survival in
1987 approxim'attes 1984-1986, the 5,198,408 eggs deposited in 1985
will produce about 240,000 smolts., Alternatively, if the survival
rate approximates the 1983 rate of 6.45%, a run of about 335,000
will occur, The decreased outmigration of fall chinook and the
dramatic increase in outmigration of wild steelhead in 1986 may
both be attributable to the same factor, a late February-early
March flood in Satus and Toppenish Creeks. Electroshocking surveys
and fyke~netting operations have demonstrated that most production
of steelhead and fall chinook above Prosser Dam occurs in the
drainages of Satus and Toppenish Creeks., 1In the last week of
February and the first two weeks of March an early runoff caused
both creeks to flood, with Satus Creek cresting at 2,135 cfs on
February 24 and Toppenish at 2,002 cfs on February 28, It is

probable that this flood "flushed" steelhead pre-smolts from both
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Tadle 14. Mesn mordly discharge in the middle reades of the Yakima River
aring te smring chinook amit nn of 1983, 1984, 196 ad 1986,

River section March meen  April mean  May meen Jure rean
(cEs) (cts) (cfs) {d=)
Yakime 198 3430 18% 11 3088
Cayad 1986 us 2998 234 3146
{RM 140) 1984 x%73 2499 3974 5775
1983 3488 339 4752 364l
Smrysikd 198 7837 1965 863 674
(R4 1(3.8) o8 1696 Zria 128 991
1984 4248 2139 2660 6119
1983 6671 4092 540 3404
Prosser 1986 9049 3049 2248 2023
(M 47.1) 1986 2224 3776 2602 97
1984 5036 3690 4172 6963
1983 9488 6163 690 5542

qGaging station in middle of mejar spring chinock rearing area,

Reaging station at Snryside Dam, a site intemittently subject to very low
flovs ad pssibly high predetory martality.

creeks, augmenting the 1986 outmigration with fish that would
otherwise have left in 1987. It is also possible that floodwaters
kilied some pre-emmergent fall chinook by smothering them under
sediments or subjecting them to physical trauma associated with

bedload movement, and flushed other emergent fry from the system
when they were tco small to be retained in the trap at Chandler.

6.1.3.4 Distinguishing Spring from Fall Chinook
Length frequencies and scale anélyses were used to
differentiate spring and fall chinook cutmigrants. Monthly length

frequencies of wild chinook sampled in 1986 are depicted in
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Figures 3 and 4. Lengths are bimodally d.istributed in May and
June, and increase abruptly in March.

An analysis of scales taken from 1983 through 1986 indicated
that the smaller mode of bimodal length frequencies represented
mostly fall chinook, Therefore, fall chinook were discriminated
from spring chinook on the basis of a combination of scale and
length frequency data. Explicitly, the number of wild fall
chinook migrating past Prosser Dam in a given week was estimated
as follows:

i=b
sz [(Li,j) (Fi'j)] = Nf, 5 equation 1,
i=a
where a and b are length increment bounds, with "a"
representing "less that 40 mm,", "b"™ representing
"greater than 199 mm", and with intervening steps of
5 mm—(40-44,45-49,...,195-199);
Li,j = the percent of sampled wild chinook in week j
falling in length interval i ;
Fi,j = the percent of fish in length interval i in
week j determined from scale analysis to be fall
chinock, i,e., O-age;
Ny = the estimated outmigration of all wild
chinook in week j ; and

Nf,4 = the estimated number of wild fall chinook in week j.

Monthly trends in mean length, weight and condition factor

for wild spring and fall chinook from 1983 to 1986 are summarized
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in Table 15. The increase in mean length of wild chinook in March
relative to January and February for both 1985 and 1986 cannot be -
attributed to growth, as winter conditions prevail throughout most
of March. Rather it would seem more likely that a different,
larger~sized run of fish, probably smolts, began to move by
prosser in March. Table 15 also indicates that the mean length
and weight of spring chinook outmigrants is inversely related to
run size, perhaps reflecting competition, Indeed a ranking of the
weights of wild spring chinook in April and May (for which the
data is complete from 1983-1986) is the exact inverse of run size
ranking (Table 16). The 1986 spring chinook smolt run was earlier
and more compressed temporally than in any year since 1983,
Although counting at Prosser smolt trap began on a different date
every year, dates of quartile passage are changed very little when
cumulative passage figures are adjusted for different starting
dates (Table 17 and Figure 5). Two statistical tests were
performed on the temporal distributions of outmigrants in the
years 1983 through 1986— a chi-square test of homogeneity and a
series of Kolmogorov-Smirnov (KS) tests of goodness of fit between
seasonal recapture distributions, Outmigrants prior to April 4
were ignored to make all distributions comparable. A chi-square
test of the temporal distribution of outmigration in 1983 through
1986 showed that outmigration was not distributed homogenously
through the season in the last four years, and the KS tests showed
the temporal distributions of outmigration were all significantly
different from one another. The 1986 fall chinock smolt run began

later and ended earlier than in previous years
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Tle 16, Mean weight and length of wild spring dhinook smolts in Aprdl and
May, and raking of runrsize ad meen weight, 1983-1986.

Total Rn size Menlegth  Menweidtk  Men weidt

n rak Nril-May Axil-Mey rank
Year (o) (g
1986 169,076 1st 128 2.6 4th
198 136,102 2rd 128 24.4 3rd
1984 13,72  3d 134 25.8 2d
1986 83,614 4th 133 %.4 lst

hle 17, Dates of 25, 50 axd 75 percat pessae of wild spring chinock
amlts, 19683-1986. Upper date derived from amilative pessage
figares beginning on the actual date counting began.  Lower date
derived from amilative pessage figires beginning Aril 4, the
latest opening date in the years 1983-1986.

e of Date of Tate of
5 peraat 50 peroart, 75 peroet
Year pessace s pessace
1986 Exil 15 Kxil 25 My 9
Hxil 17 Axil 25 May 10
1986 Axil 17 Axil 30 My 16
Al 17 Al 30 My 17
1984 Apxil 19 My 4 May 18
Axil 20 My 5 May 19
19ga Bxil 19 Nxil 24 My 3
April 19 Axil 24 My 3

a]xq;ﬁ:gbegmA;rilm]BaB;ﬂmngeraﬂlmerdatei:hﬁcal.

54



192

8a_]
»
s
— x
b
X
62| N WILD SPRING CHINDOK
% 1985 WiLD SPRING CHINCCK +——
x
| , ! 1984 WILD SPRING CHINOOK ... ...
. , ;
g A 1983 WILD SPRING CHINOCK X Xi
4a !
20.. :
? T N T T T
4" 58 82 ' 88" fig" Jaa' {387 [s27 les” g’ {04’ g’

JULIRN DRTE | S4=FEBRUARY 23 )
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(Table 18, Figure 6). This compression of the run may have
resulted from the previously mentioned flood in Toppenish and
Satus Creeks, Fry that had emerged prior to mid=March may not have
been detected at the Prosser smolt trap, either because they were
killed, or because they were flushed into the trap while still

small enough to swim through the mesh of the net,

6.1,3.5 Wild Steelhead

Total juvenile wild steelhead outmigration was estimated at
104,349 in 1986 (Table 12). As mentioned this large increase
relative to previous years may be due to a late winter flood in
Satus and Toppenish Creeks which flushed a large number of
pre-smolts from their rearing areas and inflated the count at

Prosser,

Teole 18, Revised dates of 25, 50 ad 75 percent passage of wild fall chinock
gmalts at Prosser amlt trap, 1983-1966.

Date of Date of Date of

5 peroent 50 percent 75 percent
Year js=ce pessage pssace
1986 My 2% My 29 Jae 1
19565 May 18 My 27 Joe 7
log4 May 22 May 30 Jae 11
1983 My 12 My 2 Jure 3

Two pieces of evidence support this view: the appearance of

juvenile steelhead during and after the flood, and the size
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Figure 6. Cumulative percent passage of wild fall chinook
smolts past Prosser Dam in 1983, 1984, 1985 and
1986.

57




of juvenile steelhead before and after the {lood. The majority of
steelhead did not acquire a typical smolt appearance until early
April, Before this time many smaller fish had distinct parr marks
and no silvering, Moreover, there was a sharp shift in the size
distribution from smaller, parr-like steelhead during the time the
flood-waters were passing Prosser, to much _arger, typical smolts
before and after the flood.

Flooawaters from Satus and Toppenish Creeks apparently
reached Prosser Dam February 24 and the flood surge had passed by
March 17 (Figure 7). The mean lengths of wild steelhead at
Prosser trap during the flood surge, February 24-February 28, and
March 1-March 17, were 131 and 132 mm, -espectively. The mean
lengths of wild steelhead from March 18-March 31 and before
February 23 were 189 mm and 183 mm, respectively. Figure 8
clearly shows distinct length distributions before, during, and
after the flood surge. Comparison of tie two length frequency
histograms for March is particularly telling as there was
insufticient time for growth to have caused such a large
difference: the length distribution for March 1-March 17 was
signiticantly different from March 18-31 (X2=618,7, 28 df), ard
the mean lengths for these periods were also significantly
different (t = 1170, 1895 df).

Influenced by the early starting date and abnormally large
catches in March, the run of wild steelnead juveniles began
earlier and progressed more slowly in 1986 than in previous years

(Table 19, Figure 9), Although the 1986 run was three weeks ahead

58



30908 .

it

2000 SRR WILD STEELHEAD +--—+

(DISCHARGE) /18 (LFS) .

NHZDIHO—-X 00 OZD MoO20D T ALnN--0O

;4' Es' Eg' ba' b2' b4 b6 bd d B2 T4 6 T4 sd 'sd Tsd Taé Tsd Top

JULIAN DRTE [ 54=FEBRURRY 23 )

Figure 7. Mean daily discharge at Prosser Dam and estimated outmigratiaon
of juvenile steelhead from February 23, 1986, through
March 31, 1986.

59



WILD STEELHEAD LEMGTH FREQUENCY, DURING THE FLOOD, MARCH, 1986.

1986.

14 4
12 4
10
|
&
4

WILD STEELHEAD LENGTH FREQUENCY, DURING THE FLOOD, FEBRUARY,

o
—
MMEUNER O MeT
3 "
L T
o -
- —

AREUWZER On Ge-ian

1986,

40505050
FORK LENGTH (MM}
FORK LENGTH (MM}

L L T

D—————050505{"

WILD STEELHEAD LENGTH FREQUENCY, AFTER THE FLOCD, MARCH, 1986,

16 -4
14 4
12 4
10 4

AREULEE Oh LT

1386,

So-lasiiily
g
]

60

05030505050
2222222322

22%2%%%22
8649431
FORK LENGTH {MM)

0
4

RIS AR RSN

JRhMARTITIATRRELR T T0ES
5050505050505

AR AR AR RN AN
AN AL LR AR AR TR R TR R R R AR R

i
505

5
FORE LERGTH {HMY

Length frequency histogram of wild steelhead
juveniles caught in February and March,

at Prosser trap.

E6577889%

“y -+
15 -
L
25 4
15 e
PLE 3

WwILD STEELHEAD LENGTH FREQUENCY, BEFCRE THE FLOOD, FEBRUARY,
0

Figure 8.



Tehle 19, Dates of 25, 50 ad 75, percent pessace of wild steelhead
Jweniles, 19831986,

Dete of Date of ete of

5 pereent 50 percent 75 percent
Year pessage Eesage EEsage
1986 March 30 Axil 20 Mxy 11
195 Axil 22 My 5 Mwy 18
1984 Kril 21 My 5 May 16
1983 Aril 24 My 3 May 17

of earlier years at 25 percent passage, the "lead™ had shrunk to
one week by 75 percent,

Mean monthly lengths and weights of wild steelhead in the
1986 run were comparable to previous years except for the duration
of the flood in February and March (See Table 20). Excluding the
flood period, it would appear that substantially larger steelhead
begin to move past Prosser in February. As with the large wild
spring chinook appearing in March, the larger February steelhead
probably represent early smolts whereas the smaller fish seen in
January may be a mixture of smolts and pre-smolts seeking winter
habitat. The earliest steelhead smolts are seen about a month

before the first chinook smolts.

6.1.3.6 Fall and Winter Behavior of wild Spring Chinook
In 1985 a number of wild spring chinook juveniles were
branded and released at Wapatox trap on the Naches River and at

several sites on the Yakima River near Selah., A total of
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1,267 fish were branded as they moved through Wapatox trap from
September through early November, 1985. on June 13 and 14, 1985,
1800 fish were branded and released near Selah, the lowest point
of spring chinook spawning. The purpose ¢«f both releases was to
obtain some information on movements duwring the fall and winter
and on pre~-smolt survival,

A total of 185 (14.5%) of the Wapatex fish, and 25 (1.4%) of
the Selah fish migrated to Prosser in 198¢. The 14.5 percent of
the wWapatox fish that migrated to Prosser is comparable to the
survival rates of hatchery-reared smolts released in the upper
Yakima in the spring of 1986 (survival ranged from 8.0 to 18.9
percent; see section 6,1.3.7.1). It is tlerefore plausible that
most of the spring chinook juveniles that left the Naches River in
the fall of 1985 over-wintered in the Yakima River above Prosser
Dam, These fish then smolted at the usual time in 1986, and the
losses they suffered en route to Prosser Dam were comparable to
those of hatchery smolts released in the upper Yakima.

The low "survival rate" of Selah fish in 1986 may simply
reflect the fact that the Yakima River at Selanh is a poor rearing
environment, It is conceivable that the niddle Yakima River, from
Selah to the confluence of the Naches, provides good habitat for
over-wintering, but poor habitat for summer rearing; and that most

chinook forced to rear in this area are lost.
6.1.3.7 Hatchery Releases
All hatchery chinook in 1986 were &«d-clipped and coded wire

tagged, and about ten percent were freeze-branded. In 1986, for
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the first time, survival to Prosser was monitored both by counting
freeze-brands and by reading coded wire tags extracted from
sacrificed fish, Tag analysis will indicate whether freeze brands
fade away over time and will provide a second estimate of group
survival. A total of 1,139 coded wire tags were taken from
unbranded, ad-clipped hatchery chinook in 1986. As of this
writing not all of the tags have been read. Results from tag
analysis will be reported in the 1987 Annual Report,

Hatchery steelhead and hatchery ooho were not freeze—~branded,
but the hatchery steelhead were readily identifiable by ad-clips
and general appearance., The population of wild coho in the Yakima

River is negligible so all coho were assumed to be hatchery fish,

6.1.3.7.1 Effect of Acclimation and Volitional Release on
Survival.

Mary's pond on the Yakima River (RM 192) was used to
acclimate the 1986 smolt releases, and the same 12 sites on the
upper Yakima (median release point RM 165.1) used since 1983 were
the release sites for nonmacclimated fish., Three groups of spring
chinook were acclimated in 1986: Leavenworth National Fish
Hatchery (LNFH) smolts, "hybrid" smolts (progency of LNFH females
and native Yakima males) and hatchery-reared native smolts. Only
INFH hatchery smolts were used in the non-acclimated group.

Acclimated groups were moved to Mary's pond over the period
March 26 through March 28. It was intended they be allowed
volitional release about two weeks later, when the nomacclimated

group was also to be released, However, due to a hole chewed in
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the block-net by a beaver also residing in the pond, release
occurred considerably earlier than planned, A small hole had been
chewed in the net the night of March 27, and had been repaired by
the afternoon of March 28, when the last of the acclimated fish
were unloaded. Shortly thereafter, the beaver apparently chewed
another hole in the net, as branded fish from acclimated groups
began appearing at Prosser April 1, Because it is unlikely smolts
could have covered the distance from Mary's Pond to Prosser in
less time, it has been assumed release occurred the night of March
28,

The escape of the acclimated groups was not detected until
the first week of April, and there was thus no chance for a
simultaneous release of nomracclimated fish., One of two raceways
of nom-acclimated fish was released at the usual sites on April 9,
The other raceway was not planted until April 28 because THN was
incorrectly detected and the fish had to be re-tested before
release was permitted.

A total of 50,657 nonacclimated hatchery spring chinook
("trucked fish"), of which 6,383 were branded, were released in
1986. Release figures for acclimated LNFH smolts ("pond fish"),
hybrid smolts and native smolts were 51,846 (5910 branded), 46,476
(5,438 branded) and 33,052 (5,255 branded). Based on recoveries of
branded fish at Prosser, percent survival for trucked, pond,
hybrid and native smolts was 8.0, 16.7, 17.6 and 18.9 percent (see
Table 21).

Run timing for all acclimated groups in 1986 was quite
similar and, as expected, was well ahead of the non-acclimated
group {Table 22 and Figures 10 through 13). As all acclimated
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Table 21. Revised outmigration and survival estimates for acclinated ad
rorraoclimeted hatchery chinock amolts for 1983 through 1986, and
for hybrid and rative chinock gmlts in 1986,

Estineted
Nnter rumber of
branded krarded fish
Relessed fish migrating to Percent
Year graup released Prosser survival
ruck 6,383 508 8.0
Ford 5,910 987 16.7
1986
Borid 5,438 959 17.6
Native 5,255 993 18.9
Truck 8,25 899 B.4
1985
Fard 9,905 1,236 20.4
Truck 6,818 2,30 M9
1934
Ford 4,653 2,73 58.1
Tk 34841 1,699 20.6
1983
Ford 6,056 3815 38.5

groups had identical dates of median passage, all had the same
migration rate - 5.4 mi/day. The migration rate of 4.5 mi/day
attributed to the trucked group is based on a median release date
and and median release site, and therefore has questionable
significance. It is clear, however, that the trucked group passed
by Prosser about three weeks after the acclimated groups, and that

it took roughly a week longer for the middle 50 percent (first
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T 2, Reviead pon Wwdng for haetery gring chinok releases, 19866,

Tire elapeed

Year nte o [ate of Date o Merdian betwem [RoEpge Sxvival
of % perask 50 peraerk 75 perost migration o 15t & 3rd FeleE rate
recatre G LBSERGE LASERCE pesenge rae {m/dy) gartile date {percart)

Truged

aalts My 2 My 14 w7 4.5 b1 Aril 18 8.0

Fard

swlts ANril 16 Axil 24 My 1 5.4 15 Harch 28 16.7

Hetive

aralts Mxil 14 Hril 24 My 4 5.4 2 March 28 1B.9
1986

Htrid

amlts Axil 15 Mril 24 My 1 5.4 16 March 28 17.6

Fry relessed

Jue, 1986 Nril 3 Axil 10 Nril 33 - 20 Jre 11,186 0%

Farr releserd

Sgt., 158 Axil 10 Axil 2 ATl 25 - 15 Sgr. 16-19,196 0.7

Tarr 1elessrd

M., 156 Axil 10 il 2 il 25 - 15 MNov. 19-20,1986 B.6

Truded

Swilts My 4 My 13 My 20 3.7 15 Axil 11 D4

Fod

smlts Aril 30 My 6 My 20 6.0 19 Apxil 32 0.4
1965

Farr relesnd

Sxt,, 1984  Axil M4 il 24 My 3 - 19 Sept. 11-12, 1964 B.8

farr relessed
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Cumulative percent passage past Prosser Dam of all
1986 experimental releases of hatchery-reared spring
chinook smolts,
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(non-acclimated) hatchery spring chinook smolts in 1983,
1984, 1985 and 1986.
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through third quartiles) to reach Prosser Dam. Related to 1985,
when the same acclimation pond was used, the 1986 acclimated
groups reach Prosser roughly "in register” with their release
dates: the 1986 groups were released roughly two weeks earlier
and, relative to 1985, all points of passage were also advanced
about two weeks. The most salient difference between passage of
the 1986 trucked smolts and those in previous years is the
duration of passage. Elapsed time between passage of the first
and third quartiles was from one and one-half to two times greater
in 1986.

Differences in length and weight between 1986 test groups
before release and as recaptured were negligible (see Table 23).
The condition factor of all groups dropped noticeably after
release. In May the condition factor of both hatchery release
groups was substantially lower than it was in groups with a native
Yakima genetic component,

Numerous factors may have contributed to the poor survival of
the trucked group relative to the acclimated groups in 1986.
First, the bulk of the trucked fish reached Prosser in May whereas
the bulk of the acclimated groups arrived in the latter half of
April. Mean water temperature at Prosser in May was about 50¢
greater than the mean temperature in the latter half of April and
losses to disease and predators may have been correspondingly
higher. Second, river flows below Sunnyside Dam were much lower in
May than in late April. The Yakima River below Sunnyside Dam had,
by mid-May, shrunk in many places to narrow channels where

piscivorous fish and smolts were concentrated. Many other places
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consisted of broad, shallow riffles that afforded excellent
fishing sites for gulls and herons. Thus, due to a decline in
river flow both the duration and degree of vulnerability to fish
and avian predators were greater for trucked smolts than for

acclimated smolts,

6.1.3.7.2 Survival to Smolt of Fall-Released Chinook Parr

The total number of LNFH spring chinook parr scatter-planted
at the usual sites on the upper Yakima in September and November
of 1985 was 101,724 and 95,431 respectively. The number of
branded fish in these releases were 10,489 and 10,526. It was
estimated that 76 branded fish (0.7 percent) from the September
release and 907 (8.6 percent) from the November release migrated
to Prosser in 1986. These survival figures must be qualified
somewhat by the fact a number of branded fish from both releases
were caught in the fyke net the few days it was fished in January
and February. The possibility exists that a substantial
outmigration of these fish occurred before the net was placed in
the canal,

There was virtually no difference in the timing of
outmigration for the September and November releases in 1986
(Figure 14, Table 22). Both groups, however, migrated to Prosser
about a week ahead of comparable groups in 1985 (Figures 15 and
16) .

Mean length, weight and condition factor (Table 24) for
September and November fish were also quite similar, At release,

however, the September group had a substantially higher condition
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factor than the November group.

The relative survival of September and November-released parr
in 1985 was the reverse of 1986: in 1985 the survival of September
fish was 2.5 times the survival of November fish (see Table 22},
This difference might be attributable to differences in
over-winter survival rates and/or fall-winter migratory behavior.
There is no evidence of a possible difference in migratory
behavior and virtually nothing on differential survival. One
fact, however, may be significant: of parr released in the fall
of 1984 and 1985 the group with the lower survival rate in 1985
and 1986 had the higher condition factor at release. Unusually
high condition factors might reflect poor physical conditioning or

perhaps an undiagnosed edematous disease such as BKD.

6.1.3.7.3 Survival to Smolt of June-Released Chinook Fry

In 1986, for the first time, branded smolts that had been
planted as fry the previous summer were observed at Prosser the
following spring, The estimated 1986 outmiqration was, however,
only 30 fish. A total of 101,191 fry, 9,102 of which were
branded, were released June 11, 1985, As an estimated 264 branded
fish migrated to Prosser in June and July of 1985, the total
outmigration over both years was 294, or 3.1 percent.

The timing of the few fish to reach Prosser as smolts was
considerably earlier than either wild spring chinook or the fall
release groups (Figure 14, Table 22). The nean lengths and weight
of these smolts was somewhat greater thar wild smolts but was

similar to other hatchery release (see Table 23).
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6.1.3.7.4 Hatchery Fall Chinock Releases

On May 20, 1986, 97,460 hatchery fall chinook were released
at Sunnyside Dam. All fish were ad~clipped and were thus easily
distinguished from wild fall chinook, Total estimated
outmigration was 32,104, or 32.9 percent,

The timing of the outmigration in 1986 was similar to that of
the 1985 and 1984 releases (which occurred in the same general
area) when allowance is made for different release dates {see
Table 25 and Figure 17). Mean length, weight, and condition
factor were also comparable among releases (see Table 26).

An explanation for the increased survival of the 1986 release
is not obvious, The 1986 release was made roughly three weeks
earlier than in 1984 and 1985 because the mean water temperature
at Prosser during outmigration of the 1985 release was about 21
OC. It was hoped that an earlier release would preclude
temperature problems and result in a survival rate higher than the
disappointing 16.8 percent observed in 1985. Although the
survival rate in

Teble 25, Revised nn timing and swrvival rates of hetchery fall chinock
releases, 1984~1986,

Tire elapsed
hetween
Date of Date of Date of 1st & 3rd

Release 25 percent 50 peroent 75 peroent quartiles  Savival

Year date  pssae  pssme pswe (Gys) (percent)
1986 Mxy20 Jue 8 Jue 12 Jue 16 8 32.9
9% Juel3 Jue28 Juily 12 July S 7 16.8
1984 Juels July 4 July 6 July 10 6 5.8
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Cumulative percent passage past Prosser Dam of hatchery
fall chinook smolts in 1984, 1985 and 1986.
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Tehle 2. Mean nonthly length, weight and condition factar of hatchery fall
chinock released at Srwyside Dam 1984-1986.

My Jue July

Year Rork Rk Fork
length Weigt Qondition length Weight @ndition length weight Gndition
(my  (ge) fackar® (m (gw) factord (m) (gms) factor

198 884 7.5 14 89.4 8.7 121 75 £ €

96 b Db Db 9.2 8.6 10.6 14,2 12,7 10.7

98¢ b Db b 9.4 < < M2 € €

@ypressed (W13) x 1,000,000 where W = weight in grams and L = length in
115
Dot released until Jure,

Balance malfinction precludsd gathering weight data,

1986 was twice as great as in 1985, differential water temperature
cannot have been the cause: mean water temperature at Prosser
during the 1986 hatchery fall chinook outmigration was 20.5 OC.
Moreover mean Prosser water temperature during the 1984
outmigration, for which survival was also substantially lower than
in 1986, was a comparatively cool 17 OC, Differential river flows
clearly played no role, as discharge in 1986 was the lowest since
the study began. A possible explanation would invoke depensatory
mortality, If the number of smolts lost to predators per unit
time is the same in June and July, more hatchery fall chinook
would be lost in a July outmigration because they would constitute

a greater proportion of available prey.

6.1.7.5 Hatchery Steelhead
The Yakima chapter of the Northwest Steelheaders Club of
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America released 89,200 ad-clipped hatchery steelhead from Nelson
Springs Hatchery (Naches River, RM 3.3) on March 31, 1986.
Release was volitional until April 13 whex remaining fish were
crowded from the raceway. It was estimated that 19,689, or 22.1
percent, of these fish subsequently migratel to Prosser Dam (see
Tables 20 and 27).

In spite of the earliest release date in four years, the 1986
hatchery steelhead run was the latest and slowest recorded to date
(Figure 18, Table 27). By May 1, a full moith after release, only
eight percent of the run had reached Prosser. When they finally
started arriving in some numbers, the middle 50 percent of the
hatchery run reached Prosser in a period comparable to previous
years, but the run as a whole was two to three weeks later than
any run, wild or hatchery, since 1983.

Mean monthly length, weight and condi:ion factor in 1986 was
comparable to previous years with two exceptions (see Table 20),
The 1983 release consisted of much smaller, more robust fish than
have been released in the past three years and monthly means
simply reflect release size, More sijnificantly, the mean
oondition factor of 1986 fish in May, when the bulk of run reached
Prosser, was the lowest yet observed., Survival thus appears to be
more a function of smolt quality than any other factor. Since
1983, increased survival of hatchery steelhead has been associated
with size and condition factor, whereas rzlease date and river
flow have had little apparent effect (see Table 28}, Survival was
greatest in 1985; fish were large, their condition factor
approached that of wild fish and ther: were relatively few
obgservations of fish with stubbed fins or serious descaling.
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Figure 18. Cumulative percent passage past Prosser Dam of hatchery
steelhead smolts in 1983, 1984, 1985 and 1986.
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6.1.3.7.6 Pord-Reared Coho

Approximately 100,000 hatchery ooho were reared in Nile pond
(RM 29.4, Naches River) fram June, 1985 until March 31, 1986, when
they were allowed volitional release into the Naches River. As
indicated by an automatic fish counter, 84,879 left the pond
between April 1 and May 23. A total of 43,733 fish, or 51.1
percent, survived to Prosser Dam,

The size and degree of smoltification of these coho spanned a
very wide range, It would appear that fish began actively
migrating as they became physiologically ready, with the small
number of large fish leaving immediately and the majority of
smaller fish lingering until smoltification was complete, Such a
scenario is supported by the timing of the run and the progressive
decrease in the size of fish in it (Tables 29 and 30 and Figure

19).

Tahle 29, Rn timing of hatchery cho reared in Nile pord released March 31,
1966.

Elgpeed time
Date of Date of Date o between mssage Migration
Release 25 peroent 50 peroent 75 peroat of 1lst & 3rd rabe

cate assage passage pessace quartiles (days) (mi/Cey)

March3l My 11 My 27 My 29 18 1.7
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Cumulative percent passage past Prosser Dam of hatchery
coho smolts released from Nile Pond in 1986.

90

Spal



6.1.3.8 Relationship Between Spring Discharge and Smolt Survival
It has been proposed that spring flows are responsible for
much of the yearly variation in survival of outmigrating smolts

(Fast et. al., 1985). The mechanism put forth may be summarized

as follows. Some of the movement of outmigrating smolts is

tail-first and passive, with active swimming mainly occurring in
the slowest reaches. Outmigration should therefore be delayed in
years of low flow as mean velocity is known to decrease quite
rapidly with falling discharge. Moreover, outmigration would
entail more active swimming in years of low discharge, and
smailler, slower-swimming smolts would be delayed even more than
their larger cohorts. Assuming pre-smolt mortality constant and
outmigrant mortality proportional to migration time, egg-to-smolt
survival should fall in low flow years. In addition, if
pre-migration size distributions are equivalent from year to year,
losses of smaller, more vulnerable, and slower moving smolts
should increase the mean size of surviving migrants when flows are
low during the smolt run.

Many of the relationships outlined above have been confirmed

by similar investigations in other places. Dawley et. al. (1986)

summarized 17 years of research on smolt outmigration to the

Colunbia estuary and reported that:

1) The survival of yearling chinook from sites on the Snake River
to the Dalles Dam is positively correlated with spring
discharge.

2) The migration rate of yearling chinook released at McNary Dam

was positively correlated with discharge, and the migration
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3)

4)

rate of sub-yearling chinook released below John Day Dam was
positively correlated with release size, discharge, degree of
smoltification (using ATPase activity as an index) and
distance from release point to the estuwary.

Survival of groups of spring chinook smolts from Willamette
River hatcheries matched by stock, rearing history and release
time was significantly greater for groups with a larger
release size, And finally,

Releases of chinook, coho and steellead sampled at several
places fram release point to estuary levealed a progressive

loss of small individuals,

The importance of dischargs to spring chinook
outmigration in the Yakima River within a single season was
once again evident in 1986. Figures 20 and 21 demonstrate
that both spring chinook and steelhead synchronized their
movements with periods of rising discharge. Behavior in the
years 1983~1985 was similar (Fast et, &., 1985).

The effects of mean spring discharge across seasons in
the Yakima system are obscured in some cases by lack of
information and in others by the absence of meaningful
oontrols, From year to year wild sprirg chinook outmigrations
are matched by stock and by rearing history. The Yakima
Canyon, the principal rearing area in the system, has been
subject to little envirormental disturbance; is not subject to
extreme fluctuations in discharge and las numerous deep holes

to provide overwintering habitat. However, because it has
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Mean daily discharge at Prosser Dam and estimated outmigration
of wild spring chincok and steelhead smolts in April, 1986.
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Figure 21. Mean daily discharge at Prosser Dam and estimated outmigration
of wild spring chinook and steelhead smolts in May, 1986.
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not been possible to describe the "start" of a wild smolt
rum—-the median place and time and the number of individuals
involved---it has not been possible to estimate either the
speed or the "in-transit survival rate" of an individual
migration.” For releases of hatchery fish, migration rate and
survival are easily estimated. The effect of any single
independent variable, such as variations in discharge or
migration rate is, however, confounded with differences in
stock, rearing history, and manner, time and place of release,

Even with these limitations, it is still possible to
elucidate some aspects of the relationship between discharge
and smolt outmigration in the Yakima system, Data collected
since 1983 support the following relationships.

1. Increased spring discharge promotes survival of wild spring
chinook outmigrants although uncontrolled variables obscure the
impact on hatchery releases.

2. Gross increases in discharge are associated with accellerated
outmigration.,

3. There is little evidence to indicate larger smolts migrate
faster, but there is some indication that faster outmigrants
suffer fewer mortalities. Finally,

4. There is some evidence that larger smolts sufter fewer
mortalities during migration,

Effect of spring discharge on smolt survival, If survival
from egg to pre-smolt has been constant for wild spring chinook
from 1983-1986, and if survival of migrating smolts is a function

of spring discharge, then there should be a relationship between
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egg-to-smolt survival and discharge for these years, As Figure 22
indicates, such a relationship does exist., The correlation
between egg-to-smolt survival and mean daily discharge (cfs) at
Prosser in April and May is 40,991, and the correlation between
survival and mean discharge in April &lone is +0.,972. Both
regressions of discharge on survival are significant, but both
depend heavily on one year (1983) of high discharge.

Effect of spring discharge on miqration rate, As Figure 23
and Table 31 demonstrate, gross changes in spring discharge are
associated with changes in run—timing of spring chinook smolts.
Spring discharge in 1983 was roughly twice that of 1984, 1985 and
1986, and the passage of wild spring chinook in 1983 was clearly
earlier and more abrupt than in later years., The same
relationship is evident in a comparison of the migration rates of
trucked smolts in 1983 with rates for 1984-1986, and in a
comparison of the migration rate of pond smolts in 1983 and 1984
and in 1985 and 1986. (Nile pond was used for acclimation in 1983
and 1984, and Mary's pond in 1985 and 1986, Migration rate from
the same pond was greater when discharge was greater).

Effect of migration rate on survival, Evidence bearing on
the relationship between migration rate and survival is found in
the results of marked hatchery coho and wild chinook released at
Wapatox trap in 1986 {The results of truck and pond releases since
1983 and of marked wild chinook released a: Wapatox in 1985 (Fast
et, al., 1985) do not clarify the
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issue because the effects of migration rate are confounded with
time and place of release.). Three groups of size-graded hatchery
ooho were branded and released at Wapatox trap on April 25, 1986
—-—— a group in which fork length was greater than 160 mm (mean =
188), a group with randomly selected lengths (mean = 152) and a
group with lengths all less than 140 mm {mean = 122). The large
group migrated more rapidly than the random group and had a
greater survival rate (see Table 32). The small group showed the
lowest survival rate, but had the same median migration rate as
the large group. There were, however, only four actual catches of
small branded coho (with total passage estimated at five) and two
were on the same day. The signiticance of the migration rate
estimate for the small group is therefore questionable,

The effect of migration rate on survival is also illulstrated
by three groups of random-sized wild spring chinook released at
Wapatox in 1986. Two groups were released April 23 and one was
released on May 8., The migration rates of the two earlier
releases was nearly identical (2.5 and 2.7 mi/day, mean = 2.6
mi/day) as were the survival rates (25.4 and 26.0 percent, mean =
25,7 percent). The estimated migration rate for fish in the later
release was 4,3 mi/day, about 1.6 times the mean figure for the
earlier releases. The estimated survival of late-released fish,
38.9 percent, was also about 1.6 times the mean survival of the
earlier releases (sSee Table 32). The greater survival rate for
fish in the later release is probably attributable to the fact
they
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migrated more rapidly. The same stock and experimental procedures
were employed in all three releases, the mean lengths at release
were probably camparable, and the mean daily discharge at Prosser
during outmigration of early and late releases was nearly
identical — 2,502 and 2,451 cfs respectively. Presumably, fish
in the later release consisted of advanced smolts with a more
urgent migratory disposition. Their median travel time to Prosser
was 21 days whereas the mean travel time for the earlier releases
was 34 days. With 60 percent of the earlier groups' time of
exposure to predators, one would expect the survival rate of the
later group to be proportionately greater.

Effect of release size on survival, Three releases of
branded coho at Wapatox in 1986 indicated that smaller smolts have
a lower survival rate. Survival rate ranking for the three
groupsreleased April 23 was the same as size ranking (see Table
32). Moreover, the mean length of coho released May 10 as sampled
at Prosser was signiticantly greater than the mean length at
release (t= 1.761, one-tailed test, 400 df). Together these facts

suggest positive size selection for migrating smolts,
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6.1.4 WAPATOX SMOLT TRAP

Wapatox smolt trap began operation March 22 when the screens
were installed in the Wapatox Diversion Canal, A monthly summary
of the estimated number of spring chinook and rainbow-steelhead
outmigrants in 1985 and 1986 is presented in Table 33. Estimated
spring chinook smolt outmigration in April, May and June was
2,935, 3,902 and 765 fish, respectively. Estimated pre-smolt
outmigration in July and August was 509 and 169. The estimated
number of pre-smolts in September was 2,178 fish, Total estimated
smolt outmigration past Wapatox in 1986 was 6,671 fish., This
canpares to an estimated outmigration of 41,511 spring chinook
smolts in 1985. Two factors probably contribute to the marked
decrease in the 1986 smolt outmigration. The first is the large
number (59,800) of fall pre-smolt outmigrants observed in 1985,
For a given brood year one would expect the spring smolt run to be
smaller when the fall pre-smolt outmigration is high. The second
factor is that stream discharge from March 4 through March 10,
1986 was much higher than was observed at the same time in 1985
(see Figure 24), The March freshet in 1986 may have caused an
early outmigration which was not detected because the screens had
not yet been installed in the canal. The mean daily discharge in
1985 prior to the opening of the trap was 518 cfs, whereas the
mean discharge over the same period in 1986 was several times
larger, with a peak discharge of 3,856 cfs. The spring freshet in
1985 began after the trap was opened, with the peak discharge of

2,800 cfs occurring three weeks into the season. It is thus
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Table 33. Sumary of monthly outmigration of spring chinock and
rainbow-steelhead at Wapatox in 1985 and 1986.

Year Species Aril My Jue July Axgst Starber

19% Sxwing chinock 38,786 2,83 323 193 140 4,941

1986 Sxing chinodk 2,925 3,92 76 508 160 2,178

19% FRainbow-
steel heed 3,224 1,969 %4 44 140 570

198 Rainbow-
stecthead 1507 6317 TR 175 169 625
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unlikely that significant outmigration in 1985 occurred before the
start of trap monitoring. If the 1986 freshet caused a
substantial undetected ocutmigration of spring chinook smolts, then
the larger count in 1985 could be at least partially attributable
to a larger proportion of the 1985 run being monitored,

The estimated weekly catch of spring chinook and
rainbow-steelhead is presented in Table 34. The period of highest
spring chinook smolt movement occurred between April 15 and May 5
when 61% outmigrated. The 1986 outmigration appears to be later
than the 1985 outmigration. Dates of median passage were April 9
in 1985 and May 5 in 1986. Figure 25 presents the cumulative
percent passage (adjusted for different starting dates) of spring
chinook smolts in 1985 and 1986, For both years it appears that
trap monitoring started after smolt outmigration began. It is
obvious that the greater the proportion of the smolt run missed,
the later will be the observed date of median passage,
Therefore, the true dates of median passage may be somewhat
earlier than were actually observed,

Monthly size distributions of spring chinook smolts are
presented in Figures 26 and 27. Mean monthly lengths in April,
May, and June were 93, 95, and 111 mm, respectively. The mean
lengths of pre-smolts in July, August, and September was 83 and 85
Tm,

The estimated outmigration of steelhead smolts in 1986 was
7,008 fish., This was about 900 more smolts than in 1985. The
period of median passage occurred May 13 - 19 in 1986, compared to
April 22 - 28 in 1985. As was the case with spring chinook,
outmigration in 1986 was later than in 1985.
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Tahle 34. Bstimated weekly catches of sraing chinock and rainbow-steelhead
at wWapstox, 1986; based on P.O,S. (percent discharge into cagl).

Date Chirook gmolt  Chinook pre~smalt Rainbow-steelhead
aolt pe-smlt
3/22-24 10 0 0 90
3/25-31 240 56 9 99
4/1-7 14 19 0 5
4/8-142 94 10 hal 33
41521 1,072 8 1% 155
4/22-28 1,294 51 677 252
4/29-5/5 646 0 A7 17
5/6~12 1,072 166 1,484 169
5/1319 49 147 1,2 25
520-% 580 419 2,273 25
Y2i-6/2 681 132 368 76
6/39 202 62 197 %
§10-16 104 3 168 31
6/171-23 68 40 60 17
6/24-30 38 20 Y.} 0
/17 0 98 0 22
7/8-14 0 45 0 28
/1521 0 216 0 30
7/22=28 0 54 0 Pt
1/29-6/4 0 130 0 36
8511 0 8 0 36
8/12-18 0 134 0 60
8/19-25 0 45 0 Z
8/2-9/1 0 3 0 4
9/2-8 0 125 0 42
9/9-15 0 865 0 106
91622 0 551 0 120
9/23~29 0 536 0 57
Totals 6,671 4,28 7,008 2,566

&Catch is an estimate since trap wes inoperable for 2 days Awring this week.
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6.1.5 LOST CREEK FONDS

Table 35 presents the weekly catch of spring chinook in the
inflow trap. A total of 1,523 spring chinook fry were captured.
The actual number of spring chinook that entered the ponds was
higher, because not all fry could be enumerated during periods of
high river discharge when trap was not fish-tight. The greatest
period of fry immigration was April 29 through June 2, when 63% of
the immigrants were enumerated, The time of peak fry immigration
was probably a function of two factors. The first was that peak
fry emergence occurred at the same time, so there was an abundance
of newly-emerged fry in the river, The second was that mean daily
discharge was high (1,634 cfs) at this time, causing many
newly-emerged fry to be displaced downstream and become entrained
in the diversion ditch.

Table 36 presents a summary of spring chinook brand releases
and recoveries for each month, The total number of branded fry
released was 1,352, while the total number recaptured was 74 fish,
The mean percent recaptured for all brand groups was 5.5%.
Recapture percentages ranged from 0% for the August group to 9,.9%
for the July group. These results seem to suggest that the
majority of spring chinook fry are rearing throughout the summer
in these ponds,

The low number of recaptures could be the result of high
mortality in the ponds. Efforts to evaluate survival rates of the
various groups proved unsuccessful., However it is believed that

the survival rate of rearing spring chinook in these ponds is
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Table 35. Weekly catches of spring chinook at Lost Creek

ponds inlet trap, 1986.

Date Chinook fry Chinook amolt/parr
3/4-10 29 0
3/11-17 48 0
3/18-24 15 0
3/25-31 34 0
4/1-1 22 0
4/8~14 B8 0
4/15-21 33 0
4/22-28 79 0
4/29-5/5 118 0
5/6-12 253 1l
5/13-19 257 0
5/20~26 195 0
5/271-6/23a 143 3
6/3-9b 14 0
6/10~16 40 0
6/17-23 5 0
6/24-30 6 0
7/1=7 47 0
7/8-14 25 0
7/15-21 7 0
7/22-28¢C — -
7/29-8/4d 19 0
8/5-11 7 0
8/12-18 8 0
8/19-25 10 0
8/26-9a 16 0
arrap not fish
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Table 36, Summry of spring chinoock fry brand releases
amd brand recoveries at Lost Creek ponds, 1986.

Month Brad code No, released Brands recaptured
IAC' m" IlP.. WO.

March IA.. 108 3 — - -
April LA.. 233 7 —_— = -
May RA.. 734 3 16 — —
June LP.. 173 2 20 2 -
July RP,, 91 0 8 4 9
August RP.. 13 0 0 0 o
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probably higher than in the mainstem river because of good
instream cover, an abundant food supply, and few piscivorous fish,

The mean fork length of fry captured in the inflow trap
during March through June range from 36 mm to 39 mm, indicating
tnat these fish were newly emerged. Mean monthly growth rates
were determined for the May group, Their mean fork length at
release into the upper pond was 37 mm, and their mean fork length
when recaptured in the outlet trap in May, June, and July was 38
mmn, 48 mm and 51 mm, respectively. Thus, mean growth increments
in May, June and July were 1 mm, 10 mm and 3 mm,

A total of 714 spring chinook smolts migrated from the ponds
between February 28 and June 30, indicating that spring chinook
were over-wintering in the ponds. Ninety-seven percent of the
smolts had emmigrated by March 18. Their overall mean fork length
was 94 mm. The larger smolts emigrated first. Mean fork length
through March 7 was 101 mm, and declined to 84 mm for the balance
of the season,

In summary, it appears that spring chinock fry enter the
ponds shortly after emergence and rear there continuously until
outmigrating the following spring as smolts,

These results suggest that the Lost Creek ponds provide
favorable habitat for spring chinook juveniles from the stage of
newly emergent fry through smolt, A similar situation may exist
in another pond near the town of Naches, Preliminary
investigations indicate juvenile spring chinook are rearing in a
cattle pond on a small diversion from the Naches River (John

Easterbrooks, personal camunication, 1986). These observations
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suggest that a possible method of increasing the freshwater
survaival of wild spring chinook would be the construction of

similar ponds along the Yakima and Naches Rivers.
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6.1.6 ADULT RETURNS

In 1986 a total of 8,563 adult and 349 jack spring chinook
salmon returning to the Yakima River were counted at Prosser fish
ladder at RM 48 (Tables 37 and 38). This gives a total of 8,912
salmon returning to Prosser Dam (Table 39). The raw daily fish
counts for Prosser Dam are presented in Appendix Tables D.l
through D.4, The mean dates of passage were May 18 and May 26 for
adults and jacks respectively. An additional 530 fish were
estimated to have been caught in the Yakima River subsistence
dipnet fishery below Horn Rapids and Prosser Dams (Table 40).
Therefore, total return to the Yakima system was 9,442 spring
chinook salmon, This was the largest return of spring chinook
salmon to the Yakima River in 29 years (Table 41).

Spring chinocok were counted at Roza Dam from May 13 to
September 30, 1986. Passage at Roza Dam was 2,967 adult and 284
jack spring chinook for a total of 3,251 fish (Tables 42, 43, and
44). An additional 810 fish were harvested between Prosser and
Roza Dams in the subsistence dipnet fishery (Table 40). Daily raw
counts of fish passage at Roza Dam are presented in Appendix
Tables D.5 through D.8. The median dates of passage at Roza Dam
were June 6 and June 23 for spring chinook adults and jacks
respectively.

A summary of adult and jack returns to each of the dams,
harvest below and above Prosser, and the number of fish available

to spawn in the Yakima and Naches Rivers is presented in Table 45.
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Tahle 37, Weekly adilt spring chinook passage at Prosser Dam, 1986.
(1) Index week nunber; (2) Week-eding date; (3) Weekly passace;
(4) weekly proportion; (5) Qmulative pessage; (6) Qmulative

proportion

(1) (2) (3) (4) (5) (6)
3 473 8 0.0097 8 0.0097
4 40 337 0.03% 420 0.0491
5 507 994 0.2 1414 0.1652
6 Si4 12)4 0.1419 628 0.3071
7 521 228 0.342 5556 0.6433
8 528 141 0.1333 6697 0.78%
9 604 310 0.0362 007 0.8189
10 611 a7 0.0943 7814 0.9132
n 618 25 0.0%3 8039 0.939%5
12 625 275 0.0321 814 0.9716
13 02 =] 0.0088 8389 0.9804
14 7 76 0.0089 8465 0.98%2
15 76 76 0.0089 &4 0.9981
16 73 14 0.0016 855 0.9998
17 730 2 0.0002 8657 1.0000

Meeny dete: May 18

Table 38, Weekly jack spring dhiinook passace at Prosser Davn, 1966,
(1) Index week nber; (2) Wesk-ending date; (3) Weekly rassace;
(4) Weekly proportion; (5) Omulative pessage; (6) Omiative

(1) (2) (3) (4) (5) (6)

6 514 3 0.0086 3 0.0086
7 52 145 0.4155 148 0.4241
8 528 T2 0.2063 20 0.6304
9 604 24 0.0688 244 0.699L
10 611 59 0.1691 3@ 0.8682
1 618 9 0.0258 312 0.8940
12 a5 18 0.0516 330 0.9456
K 702 1 0.0315 341 0.9771
14 70 2 0.0057 343 0.9828
15 716 4 0.0115 347 0.9943
16 723 1 0.0029 348 0.9971
17 730 1 0.0029 349 1.0000

Men date: My 2%
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Tehle 39, Weekly total spring diinook pessacge at Prossex Dam, 1966 .
(1) Imdex week nurber; (2) Week—erdding date; (3) Weekly paosxpe;
(4) Weekly proportion; (5) Qmulative pessage; (6) Qmulative

proporticn
(1) (2) (3) (4) (5) (6)
3 423 8B 0.0093 4] 0.0093
4 430 337 0.0378 420 0.0472
5 507 994 0.1116 1414 0.1588
6 514 1217 0.1366 %31 0.2954
7 521 3073 0.3450 504 0.645
8 528 1313 0.1474 7 0.7879
9 604 34 0.0263 7251 0.8142
10 il 866 0.0972 817 0.9114
11 618 6 0.0265 853 0.9379
12 625 291 0.0327 8644 0.9706
13 02 % 0.0097 8730 0.9802
14 e 78 0.0088 8308 0.9830
15 716 80 0.00%0 8888 0.9980
16 T3 15 0.0017 8903 0.9997
17 730 3 0.00(3 8906 1.0000

Mean dete: My 19

The length frequency distribution of spring chinook salmon
returning to the American, Naches and the upper Yakima Rivers is
presented in Figures 28, 29 and 30. As can be seen from these
figures, there is an apparent break between the four and five year
old spawners, The American River appears to be mainly larger five
year old fish (only 15%<680mm); the Naches system has a bimodal
distribution (60%> 680mm and 40%<680mm) and the upper Yakima
appears to be all smaller four year old fish (only 2%>680mm).
Otoliths and scales were also collected on spawner ground surveys
and will be analysed and used to separate age classes in various
system subareas. The detemination of age classes of returning
adults in various subareas may be an important genetic factor that
should be considered if wild stocks are to be used for enhancement

efforts in other areas of the Yakima Basin,
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Tadle 41, Bstimated spring chinock nns to the Yakina River Basin, 1957-1986.
Toal rede?

Year Tofes Yaaima ‘ol Esapement® BawvestC  Totel nn
1%7 764 1216 1980 152 7913 1665
1%8 24 81 815 195 401 6357
1959 306 x5 5%l 3464 4810
19 1% 1B/ 310 744 3668 4412
19%1 166 175 34l 818 5044 5862
192 13 % 29 550 4% a7s
1%3 1% - - — —
1964 50 g 131 314 3555
1965 B N 18 38 1763 2106
1966 % X 1277 305 4800 8105
197 ] g7 155 3195
1968 25 61 & 206 2830
1969 50 30 39 618 1480
190 a8 pz] al 170 1512
1971 — — — 1232 —
113772 55 1 4% 126 374 480 64
1_973 % A 73 % 1_93 31E6:
1975 — 104 - — 600 -
1976 H 18 18 33 — —
]]%/ 10 121 131 314 - —_
% 308 03 %7 - -
1979 153 & 239 574 — —_
v 13 13 56 1118 106 124
198 1R 24 46 1118 216 134
19 54 573 6% 1252 24 1686
1983 &3 3@ A8 1240 84 1324
88 22 64 B4 2050 289 %70
196 477 %l 1378 B 865 45274
19% 1298 1780 3078 7387 1300 8687

dRedd counts for 1957-1961 are total redd couts fram Mrjar and Midhell (1969) .
For 1962-1980 the aounts are incex qounts fran WE o Yﬂqmcnordimted sus:vey%

i 3

Bakime and Nadhes systams, respectively. ion factors were derived

tteratiocfixrgxoqmtgto_totalyoomtsf the:@%nve Total
fran the Mxjar and Mighell su.gc(ﬁarﬂ fram the 1981-19 sugggs.i

aounks were My
For 1981-1984 the odunts are total aounts from USFWS, YIN,

c - tribal harvest i : tri harvest i R
I]s.ﬁsq lg'gsz, Teryes t_lgzét:am‘:ﬂ:es m—%m il estimates

d i f ad of the Prossr ad
%al:m%grﬂgm D&mﬂnam DHN couts
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(1) (2) (3) (4) (5) (6)
i g% 246 0.07% 246 0.0750
e & om0
78 % z% 80787 50 <:>.e32|.:a4
s B 0 & 2
i & g tm  m i
'}i % 1%% giozn % %.'%
1156 ng% 1 %% 5’% g‘%
s 1}5’ o.‘% ﬂ% o.‘%
B 93 60 0.01% 215 0.9886
19 a0 13 0.0040 8 0.9926
20 a7 4 0.0012 332 o%g
A P4 14 0.0043 2% 0

2 @O 6 0.0018 1252 120000

Meen Gate: Jue 6

The spring chinook redd counts from 1981 to 1986 are
presented in Table 46. These counts were not part of the data
collected on the present spring chinook study but are important
for estimates of survival through various life stages and are
included in this report for that reason.

Upper Yakima Surveys: A total of 1,793 redds were
reported from surveys on the upper Yakima. A total of 1,471 were
above Roza Dam and an additional 321 were discovered in the area
between Roza Dam and Selah Bridge. One redd was found near the
city of Yakima., It is believed that there were more than the
reported 321 redds below Roza Dam but surveys oconducted on 10/10
and 10/16 were inconclusive due to silt laden water being released
from Roza Dam.

The number of fish per redd was calculated by dividing

escapement above Roza by the number of redds deposited above Roza.
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Table 45. Total spring chinook salmon return to the Yakima River
and to Spawning grounds in 1986,

Return to Prosser

Adults to Prosser Dem 8,563
Jacks to Prosser Dam 349
Total run to Prosser 8,912
Harvest below Prosser 530
Total run to the river 9,442
Retumn to Roza

Adults to Roza Dem 2,967
Jacks to Roza Dam 284
Total Run to Roza 3,251
Hatchery fish taken at Roza 30
Total number awailable 3,221
to spawn in upper Yakima

Harvest between Prosser and Rza 810
Fish spawning between Rza and Prosser@ 706
Number of fish available to 4,145

spawn in the Naches RiverD

ap total of 321 redds were discovered in the area between
the Selah Bridge and Roza Dam, It was calculated that
there are 2.2 fish per redd in the Yakima giving a total
of 706 fish spawning below Roza Dam in the Yakima River,
bcalculated as number of fish counted at Prosser, minus the
harvest between Prosser and Roza minus the fish spawning
in the Yakima below Roza minus the number of fish counted
at Roza ladder,
The number of chinook escaping past Roza was 3,251; the
number of redds was 1,471. The resulting statistic was 2.2
fish per redd. There is no accounting for Pre-spawning
mortality by this method. Consequently, 2.2 does not
necessarily reflect the average number of fish observed on a
redd on the spawning grounds,
Naches Surveys: There were a total of 1,313 redds
found on the Naches River in 1986. This represents the
highest redd count on the Naches system since 1957,

Substantial increases were observed in virtually all

established spawning areas.
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Table 46, Yakina River Basin sring chirodk redd aunts, 1981 - 1966.

Gae Rap

Freewey Bride

S Cle Elum Bride
Teareway Reach
Ellenshurg Town Ditch

(le Elun River
Tesreweyy River
Miscel lanecus

1odl 1s& 1983 1984 1986 198

neoBY B8R
| g B

| o4

| o &

|lor BRIaBE

302

145

31

LG_O

Sbtotal

®
3
8

64

Naches gystem

Arericen River
Buping River
Little Nadhes River
Fattlesrake Creek
Nadhes River

Robk8N

110
7

Sttotal

172

1313

Basin total

3 2lBoRkakE

B8 |BrckEg

glBilurend

Sl8lGrexE

3106

ATesreway River to Thorp Bridee
Dvprastash Creek (m 0.0-4.6)

CRrga Dam to Selah Bridoe — 321 redcs; Thorp Bridee to KA ~ 110 re&s;
K2 to Wilson Creek ~ 64 redds; Wilson (reek to Burberk Creek - 18 redds;

ad downtoan Yakim — 1 redd,
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6.1.7 ESTIMATES OF SURVIVAL THROUGH VARIQUS LIFE STAGES

6.1.7.1 Egg to Fry:

Survival from egg to fry was discussed extensively in the
survival to emergence section of this report. The survival from
egg to emergent fry was calculated to be 5.7% from eight redds
that were successfully capped in 1986,

Total egg deposition in the Yakima system from 1981 to
1986 is presented in Table 47, Total egg deposition was
calculated as the sum of three subareas: the upper Yakima, the
American River, and the remaining Naches system due to different
mean size of females in each of these areas. The mean fecundity
as calculated from the length fecundity model and the mean length
of females measured in each subarea in 1985 was 3,908 eggs/female
in the upper Yakima, 6,198 eggs/female in the American River and
5,150 eggs/female in the rest of the Naches system. This length
fecundity model predicts different egg numbers than the model used
by Major and Mighell (1969) which was developed by Galbreath and
Ridenhour (1964). Their model was based on all stocks of spring,
summer, and fall chinook that were collected in the lower Columbia
River. 1If only the data for spring chinook from Galbreath and
Ridenhour's model is used with the lengths reported by Major and
Mighell (1969) the fecundity estimates would be closer to those
reported in the current study.

The total number of fry produced from the egg deposition
in 1981 to 1986 is reported in Table 48, This estimate is based
on the current 59.6% egg to fry survival rate which is the mean of
the 62.5% estimate in 1985 and the 56,.7% from 1986,
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Thle 47, Total estirated egg dgosition in the ¥akima Basin

far 1941 to 19%6.

Brood year Siarea Nrber of redds Fggg/redd  Total
1981 Aericen River 72 6,198 446,25
Naches (other) 100 5,150 515,000
Yokime (upper) 294 3,98 1,148,952
Total 56 2,110,208
1982 Merican 1 6,198 68,178
Naches 43 5,150 221 450
Yakina 573 3,908 2,239,284
Tokal 2,528,912
1983 Nerican 36 6,198 223,128
Naches 47 5,150 242,050
Yekime 360 3,98 1,406,880
Total i3 1,872,068
1984 Mericn yy 6,198 446 ,2%
Nades 148 5,150 762,200
Yakima 634 3,908 2477,672
Total 54 3,686,128
1986 AErican 4 6,198 873,918
Naches 286 5,150 1,472,900
Yakima 951 3:% 317]-6:%
Total 1,378 5,189,408
198 ANrerican 464 6,198 2,875,872
Naches &80 Srm 4,3’77,5(1)
Yakima 1,7% 3,908 7,018,768

Total 3,110 14,272,140

129




Tahle 48, Bstimated fry prodaction fran eggs deposited in
the ¥ekira Basin fram 1961 to 1986.

Brocd year Total egg deposition § survival Total fry
1981 2,110,208 59.6 1,257,684
198 2,528,912 59.6 1,507,232
1983 1,872,088 59.6 1,115,747
1984 3,686,128 59.6 2,196,932
1986 5,189,408 59.6 3,092,887
1986 14,772,140 59.6 8,506,195

6.1.7.2 Egg to Smolt:

The egg to smolt (Seg) survival was calculated as the number of
smolts estimated to outmigrate past Prosser divided by the total egg
deposition for their year class as calculéited in Table 47. The egg to
amolt survival from egg deposition for the brood years 1981 to 1984 and
corresponding smolt outmigration years of 1983 to 1986 are presented in
Table 49,

This mean percent survival from egg to smolt of 5.1% is much
lower than the 10.7% (range from 5.4 to 16.4) reported by Major and
Mighell (1969). This may possibly be due to an overestimation of the
smolt outmigration by Major and Mighell due to their assumption that an
equal volume of water over the dam contairs an equal number of fish as
water down the irrigation canal. A reevaluation of their data in our
final report will attempt to resolve this difference, Bjornn (1978)
evaluated natural preoduction of spring chinook in the Lemhi River,
Idaho, and over an 8-year period found that survival from egg to migrant
smolt averaged 9.8% (range 4.0% to 15.9%). This is also much higher

than the three year mean of 5.1% we found, He considered the level of
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Tehle 49. Hgg to smit survival for 1981 to 1984 brood years
in the ¥Yakine Basin,

Brood year By dgosition Outmigrating awilts  Percat survival

1981 2,110,208 136,102 6.5%
1982 2,528,912 13,7 4.9%
1983 1,872,058 8,614 4.5%
1984 3,606,138 169,077 4.6%
Mean 2,549,377 128,131 5.3

spawning escapements to the upper Lemhi River low during the study
years, thus underseeding may have resulted in maximum survival
rates for juvenile chinook in that system,

Several other studies conducted on mid-Columbia
tributaries had survival rates similar to those observed in the
current study. 1In the Deschutes River, Oregon Johasson and
Lindsay (1983) found an average egg-to-migrant survival rate of
3.5 percent (range 2.3% to 5.5%) for their spring chinook smolts.
These were primarily yearling spring migrants but also included
fall (age 0) migrants. An egg-to-migrant survival rate of 5.2%
(range 3.6% to 6.7%) was found for spring chinook in the John Day
River, Oregon, (Lindsay et al., 1981). These percentages were

based on yearling spring migrants only.

6.1.7.3 Fry to Smolt:
An estimate of the survival from fry to smolt (Sgg) based
on the fry production (Table 48) and smolt outmigration at Prosser

for the brood years of 1981 to 1984 is reported in Table 50.
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Table 50. Estimated survival fram fry to smolt in the Yakima Basin
for brood years 1981 to 1984,

Brood year Fry produced  Swlt out-migration Peroent survival

1981 1,257,684 136,102 10.3%
jos2 1,507,232 123,732 7.6%
1983 1,115,747 83,614 7.1%
1984 2,19 ,932 169,077 7.7%
Mean 1,519,399 128,131 8.2%

6.1.7.4 Smolt to Adult:

The smolt to adult (Sgz) survival based on the 1983 smolt
outmigration estimated at Prosser and the 1984 return of jacks (3
year old fish), the 1985 return of four year old adults, and the
1986 return of five year old adults to the Yakima River is
reported in Table 51, It was estimated that 6,012 wild three,
four, and five year old fish returned from an estimated smolt
outmigration of 135,548 fish in 1983.

The smolt to adult (Sgy) based on the 1984 smolt
outmigration estimated at Prosser and the 1985 return of jacks and
the 1986 return of four year old adults to the Yakima River is
reported in Table 52,

This estimated rate of survival from smolt to adult is
also subject to error due to our estimation of total outmigration.
We are quite confident in the smolt outmigration estimation

procedure for Prosser {Section 6.1.3). However, from the recent
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Table 51. Estimation of swlt to adult survival of the 1983 smolt
outmigration fram the Yakima system,

Adult (4 year old) returns

Total adult return (4's + 5's) to Prosser 3,783
plus adult harvest below Prosser 321
Total retum of adult {(4's + 5's) to system 4,104
Adults to Rozad 2,125
plus 237 (spawning below Roza)b 237
plus 361 (harvest above Proseer)c 361
Total adults to Yakined 2,73
Adults to Nachese 1,198
plus 183 (harvest above Proseer)f 183
Total adults -to Naches 1,381
times 50% (4 year old fish)h 691
Total four year old retums to system 3,414
plus jacks that returned in 1984 248
plus five year old returns in 1986D 2,440
Total 3 and 4 year old returns 6,102
minus hatchery fish 80
Total wild 3 ard 4 year old retums 6,012
Wild smolts outmigrating in 1983 135,548
Survival = 6,102 = 4.4%
%) 135,548

aIbtal adults counted at Roza fish 1adder. bel
?PanuﬁreddsatZGfat@r 1n,Yg‘<‘maR1ver ov Roza am

gstlmate of pgrgexgzége 544 ﬁgﬁo that were %ested

Based on 66 3% of adult mn remrmng to the Yakma 33.7% to
df&{m ted that 100% of the adults in the Yakima are four year old
Estimated as total return of adults to gystéem minus

adult count at Roza mmus spawning below Roza minus harvest
Prosser axd

between
fEstJ_mate of of 544 flsh harv

Balon rwaﬁ_%ﬁ;e A R R 7%)
gEstmaiéeg Rat 50% of the adults 1n the Naches system are f

Table 52,
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Table 52. Estimation of gmolt to adult swvivel of the 1984 swolt
outmigration fram the Yakime system,

Adult (4 year old) returns

Total adult return (4's + 5's) to Prosser 8,563
plus adult harvest below Prosser 530
Total retum of adult (4's + 5's) to system 9,093
Adults to Rozad 2,967
plus 237 (spewning below Roza)b 706
plus 361 (harvest abowve Prosser)C 540
Total adults to Yakimed 4,213
Adults to Nachese 4,610
plus 183 (harvest above Prosser)f 270
Total adults to Naches 4,880
times 508 (4 year old fish)d 2,440
Total four year old retums to system 5,163
plus jacks that returned in 1984 423
Total 3 and 4 year old returns 5,586
minus hatchery fish 30
Total wild 3 and 4 year old retums 5,556
Wild Swlts cutmigrating in 1984 123,732
Sza) 123,732

Aotal adults counted at Roza f£ish ladcer,

bspring chinock calculated to sgewn in Yakime River below Roza Dem from
321 redds at 2.2 fislyredd = 706 fish,

CEstimate of percentage of 544 spring chinook that were harvested above
Prosser ard below Roza that would have gone up Yakima, Based on 66.7%
of adult run returning to the Yakima and 33.3% to Naches.

destimated that 1008 of the adults in the Yakine are four year old fish,

©Estimated as total return of adults to system minus adult count at
Roza minus spawning below Roza minus harvest between Prosser and Roza.

fEstimate of percentage of 810 fish harvested above Prosser and below
Reza that would have returned to the Naches system (33.3%).

9Estimated that 50% of the adults in the Naches system are four year
old fish,
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findings at Wapatox Smolt trap indicating an extensive fall
outmigration, and the preliminary findings on the Chandler Canal
Entrainment study (Anonymous, 1985) indicating fish movement in
January and February there may be a large outmigration of
pre-smolt spring chinook in the months when the Chandler Canal

Smolt trap is inoperable due to screen removal,
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6.2 HATCHERY OPERATIONS

6.2,1 OUTPLANTING STUDIES

6.2.1.1 Smolt releases

To evaluate the effectiveness of rearing and releasing
hybrids and acclimating fish in earthen ponds and then allowing
for a volitional release as smolts, three groups of spring chinook
smolts were released from Mary's pond at RM 190 on the Yakima
River and a forth group was transported from Leaverworth National
Fish Hatchery and scatter-planted directly into the upper Yakima
River between RM 155 and 200. The release data for the 1986
acclimation pond and river-released groups of smolts is presented
in Table 53.

Similar releases were made from Nile Springs pond and the
upper Yakima River in 1983 and 1984 and fram Mary's pond and the
upper Yakima River in 1985. The 1986 release groups represent the
first time the wild x wild and wild x hatchery hybrids were
released. The survival of these release groups to Prosser is
discussed extensively in the smolt trapping section of this
report, The 1983 release groups returned as five year old adults
in 1986 and the 1984 release groups returned as four year old
adults. Their survival rates will be discussed in the Hatchery

Adult Return section of this report.
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Tehle 53, Rearing, merking and release data for aoclimated and norracclineted
experimental spring chinook releases in 1986,

Iatdezysta:k Hatdery stock Htrid Native
ronaocl irated acclimated aoclineted
aoss Ccross

Rearing site  Ieaverworth Leserworth Leavernworth Leaveryorth

NF.H N.F.H N.F.H. N.F.H.
Rearing raoewey racewey racesay raoewdy
facility

fram pord fran pond fran pond
Release site  Mary's Uper Yakina Mary's May's

porc@ Riverb pordR po®
Felease date March 28 Axil 18C March 28 March 28
Total nnber 51,846 50,657 46,476 33,082
released
Nurer 5,910 6,383 5,438 5,255
branded
Percent .4 12,6 1.7 15.9
branded
Brand oxde 123(1) R3(1) 1A3(4) RA3(4)
Date branded  10-1-85 10-1-65 10-1-85 10-1-85
Nuber with 47,076 46,858 40 434 29,449
ad-QWT
Tag 51549 5-1548 51550 51551
ade
Ty 0.8% 9R2.5% 87.0% 89.1%
retention
Size at 124 m 125 mm 130 mn 129 m
release 20.¢/1b 19.91b 17.2/1b 17.1/1b

A ocatad R 144.9, Yekima River,
Elum area, median releese point RM 118, Yekima River,
Qdian of two relesses ocarring Axril 9 ad Axil 28,
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6.2,2 BROOD STOCK EVALUATICNS

An experimental brood stock program was undertaken in 1984
and continued in 1985 to evaluate the effectiveness of using
spring chinook adults from the Yakima River as a source of gametes
for hatchery reared fish in an attempt to maintain the genetic
components indigenous to the Yakima Basin, Crosses were made to
obtain four different release groups; wild males and wild females,
wild males and hatchery females, and two groups of hatchery males
and females., The first three groups will be released in
acclimation ponds and the fourth group will be released directly
into the Yakima River and compared with survival of group three -
a continuation of the acclimation pond vs. river release study.
The required crosses were made in 1985 fram 97 Yakima River brood
stock adults taken from the Roza adult trap., The hybrids will all
be reared at Leaverworth National Fish Hatchery and released as
smolts, The first releases, of the 1984 brood year products, were
made from Mary's pond and the upper Yakima in 1986. The resulting
progeny of the 1985 crosses will be released in 1987.

6.2.3 ADULT HATCHERY RETURNS

Spring chinook adults from eight different hatchery
release groups were recovered in 1986. These fish were identified
by the coded wire tags recovered in the Yakima Indian Nation Zone
6 ceramonial and subsistance fishery, the Yakima River ceremonial

dipnet tishery, from spawning ground surveys and carcass recovery
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surveys conducted on the Yakima and Naches River systems in
September and October of 1986, and from the adult trap at Roza
Dam. A total of 315 fish were inspected for adipose fins and
coded wire tags in the Naches River in 1986. All fish passing
Roza Dam were inspected for adipose clips. Any clipped fish were
sacrificed to increase the the recovery of coded wire tags. Table
54 presents the release data for all hatchery groups that could
possibly return to the Yakima system as three, four, or

five-year-old fish in 1986.

Tahle 54, g data on all hatchery release graps tat axild have
returred to the Yekima system in 1986,

Bood Tagood TowEl nnber  Relese site Nurber Mk rate
year releasad taged (%)
1981 513-38 9,75 Nile Sxings 94,529 9.8
1981 51339 97,725 Ugper Yokira 94,198 97.1
ictie) 5-11-47 29,636 Nile Sringe 28,450 9.0
1982 5-11-48 45,552 Uger Yakime 41,573 97.7
1983 5-15-33 45,1% Marys Ford 4,297 %5.8
1983 5-15~-32 42,210 Uoer Yekime(Aril) 40,436 %.8
1983 51528 102,837 Upper Yakima(Jue) 93,064 0.5
1983 51529 102,833 Uprer Yokima (Set.) 93,004 0.5
1983 51530 108,305 Upper Yakima(Nov,) 102,229 94.4

The 1986 tag recoveries were from the 1983 Nile Springs
pond and upper Yakima release groups; the 1984 Nile Springs pond
and upper Yakima groups; the June, September and November 1984 fry
and pre-smolt release groups and the 1985 Mary's pond release
group (a three year old jack). The expanded recoveries for each

of the release groups is presented in table 55.



Takle 55, Estimeted expanded retums of hatchery released amits,

Sourae o Nurber Sample Saple Mk Total
Tog ook reovery@ recovered  raedC  epended  rate recovery

5-13-38 3 2 0.108 18 948 19
5-13-39 4 12 1.00 12 JI71 12
51147 3 2 0.108 18 96 19
51148 4 12 1.00 12 977 12
5-15-28 4 1 1,00 1 905 1
5-15-29 4 1 1,00 1 9B 1
51530 4 1 1.00 1 944 1
51533 4 1 1.00 1 .58 1

ARecovery cxde 1 = Zae 6 cerennial ad stbeistence fishery; 2 = Yakina
River dipret fidhery; 3 = Naches spawrer and carcass suveys; 4 = Yakima
River Rea fish trap.

bIn the Naches systen 315 fish were inspected fram an estimated 2,891

SEEWTELS,
CIn the Yakima River 389 fish were inspected from an estimated 2,501
STEWTELS,
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The 1986 adults returning from the 1983 Nile Springs pond
and upper Yakima release groups were five-year-old fish, and
complete the data necessary to calculate the smolt to adult
survival rate for these two hatchery release groups. In 1986 an
estimated 19 five-year—-old adults returned from the Nile Springs
pond release. This gave a total adult return of 78 fish when
added to the 59 four-year-old fish that returned in 1985. There
were 99,725 smolts released from Nile pond in 1983. This gives
a smolt to adult survival rate of 0.08% for the acclimated fish.
This 0.08% is based on the number of smolts released into the
acclimation pond and therefore is not comparable to the wild
smolt to adult survival rate of 4.4%, which is based on the
number of smolts that passed Prosser Dam. It was estimated that
38,394 Nile Springs pond smolts passed Prosser Dam in 1983. The
survival rate from "smolt~at-Prosser" to adult for the 1983
acclimated group is therefore 0.2%.

A similar analysis of the 1983 upper Yakima River release
group indicates that 12 five-year-old adults returned in 1986
and 31 four-year-old fish returned in 1985, The total estimated
adult return was thus 43 fish, There were 97,725 smolts
released in the upper Yakima in 1983, This gives a

"smolt-at-release" to adult survival rate of 0.04%. It was
estimated that 20,131 of these smolts survived passage to
Prosser Dam in 1983. The smolt-at-Prosser to adult survival
rate was thus 0,21%.

Survival rates for smolt-at-Prosser to adult are almost

identical between the acclimated and nornr-acclimated 1983 release
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groups. The survival rate from release site to Prosser,
however, was almost twice as great for the acclimated fish
{(38.5%) as for the non-acclimated fish {20.6%). Thus,
acclimation and volitional release apparently increased the
relative fitness of acclimated smolts, perhaps by allowing
recovery from the stress of handling and transportation and/or
the development of adaptive behavior patterns (e.g., predator
avoidance responses).

The other two release groups that had more than one fish
returning in 1986 were the 1984 Nile Springs pond and the 1984
upper Yakima releases, Returns from Nile pond were estimated at
19 four-year-old adults. As 29,636 smolts were released from
Nile pond in 1984, the survival rate from smolt-at-release to
adult is currently 0.06%, It was estimated that 17,219 of these
acclimated smolts survived to Prosser. This gives a survival
rate for smolt-at-Prosser to adult of 0.11% for four-year-old
adults. Both survival rates will increase if any five-year-old
fisn return in 1987,

A total of 12 four-year—old adults returned in 1986 from a
release of 45,552 smolts in the upper Yakima in 1984. The
survival rate from smolt-at~release to four-year-old adult is
thus 0.03%. As 15,898 of these smolts were estimated to have
survived to Prosser in 1984, the survival rate for
smolt-at-Prosser to four-year-old adult is 0,08%. Again, both
survival rates will increase with the return of five-year—old

adults in 1987,
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Apperdix A,

Daily captures of spring chinook fry
in Yakima River emergence traps
March, 1986~Apxil, 1986
and
Weekly raw catches of spring chinook and rainbow-steelhead

at Wapatox smolt trap in 1986,
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Appendix Tahle A.5 Weekly raw catches for spring chinock and
rainbow-steelhead at Wapatox, 1986,

Date Chinook amolt  Chinook pre-smolts Rainbow-steelhead
golt pre-smolt

3/22-24 1 0 0 4
3/25-31 26 6 1 1
4/1-7 Zi 3 0 9
4/8-142 12 2 2 6
4/15-21 290 2 36 40
4/22-28 254 9 131 49
4/29-5/5 114 12 72 22
5/6~12 184 31 266 31
5/13-19 9l 30 246 44
5/20-26 116 85 440 55
5/27-6/2 81 16 51 8
6/3-9 29 8 5 14
6/10-16 27 6 45 5
6/17-23 21 12 19 5
6/24-30 17 9 11 0
7/1=7 0 55 0 12
7/8-14 0 31 0 19
7/15-21 0 132 0 18
7/22-28 0 27 0 12
1/29-8/4 0 67 0 18
8/5-11 0 47 0 21
8/12-18 0 100 0 46
8/19-25 0 34 0 21
8/26-9/1 0 33 0 29
9/2-8 0 124 0 30
9/9-15 0 198 0 24
9/16-22 0 218 0 46
9/23-29 0 261 0 170
Total 1,290 1,578 1,345 769

aTrap inoperable 2 days during the week.
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Apperdix B.

Prosser amolt trap efficiency

tests and species mssage data
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Prosser smlt trap efficiency testing

Prosser Dam and Chandler Canal are located at river mile 47, well
below spring chinook spawning and rearing areas on the Yakima River.
Therefore, the spring chinook production of the entire system, as well as
the effect of enhancement measures, can be assessed by an accurate count
of outmigrants at Prosser Dem, '

Chandler Canal diverts a fairly constant 1200-1400 cfs of water
from the Yakima River at Prosser Dem, The water flows unobstructed for
about 1.5 miles at which point a series of 10 rotary screens and a bypass
pipe divert fish to a smilt trap, Te efficiency with which outmigrating
smolts are captured at this trap has only recently been estimated because
fish must traverse a considerable length of canal before they enter the
trap, and because river discharge, and therefore trapping efficiency,
varies dramtically during the smolt run.

Since 1983, river discharge at Prosser Dam has ranged from 1,300
cfs to 16,000 cfs between March and July, and has been impacted by abrupt
changes in run~oft, reservoir releases and upstream irrigation demands,
River discharge diverted into the canal varied fram about 10 to 93
percent in this period, Since larger diversions entrain larger numbers of
outmigrating smolts, enumerating outmigrants required the development of
a relationship between trapping efficiency and river discharge, This was
acoomplished by making repetitive releases of branded fish over a wide
range of river discharges.

Allowance must be made for a distinct intra-camal mortality rate
when estimating trapping efficiency at the Chandler Canal smolt trap.
Marked fish may spend a considerable period traversing the camal, Median




canal residence time in 1984, 1985 and 1986 was roughly has ranged from
one to three days, although same amolts tock as long as 40 days in 1984
and 31 days in 1985 and 1986. Relative structural heterogenity and
habitat volume are reduced in the canal, and the rotary screens may
represent a unigque cause of stress or plysical trauma, The intra-canal
mortality rate is therefore greater than that which occurs in the river
becauge of impingement on the screens and increased vulnerability to
predators,

Trap efficiency was estimated as the ratio of the number of
recaptures of fish released in the river to the mmber of fish available
for capture during the 2-7 day "base period” after release, The number
of fish availahle for capture was estimated as the product of the number
of fish released in the river, the river sirvival rate, and a term
representing the cambined effects of intra-canal mortality and
stress-induced migration lag.

The aforementioned approach entailed the following basic
experimental protoool in 1984, Vigorous, uninjured fish were removed
from the trap and given a caudal fin clip and a distinctive freeze-brand
the night before release., The brand designated whether fish were
destined for release within the canal ("caral fish"), or in the river
("river fish"). River release sites were 2.5 and 3.5 miles above the
canal inlet ("2-mile" and "3-mile" releases, respectively). Branded fish
were held in 200-gallon plastic tanks which were continuously aerated by
a 1/4 h,p, air compressor fitted with air stores. Surviving fish were
released the following morning between 0800 and 0900 hrs. Intra—canal
releases were made approximately 100 ft below the inlet where intake
turbulence had dissipated and the possiblity of fish escaping back into
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the river was minimal, River-released fish were released fram a boat in
the middle of the river, Canal releases were made fram the sides of the
camal, Only vigorous, actively swimming fish were released,

The protocol followed in 1985 and 1986 was similar but had four
major modifications, First, branded fish were held a minimum of 24 hours
in a 1x8x4 foot flow-through holding tank. Second, intra—canal releases
were made several hundred yards below the headgates, both in the morning
and atter dark., Third, on the day of a test release, a random semple of
fish fram all release groups was placed in a 27 cubic foot nylonmesh
cage and monitored for mortalities for the duration of the test.
Finally, river releases were mace only fram the two-mile point,

The first modification represents an attempt to reduce the impact
a handling stress on the migratory disposition and survival of test
fish, Mean pre-release holding time was about 2 days in 1985 and 1986,
Two days represents a campranise figure; it is long enough to allow scame
recovery from handling stress, and the culling of "weak™ fish that would
otherwise have died shortly after release, yet not so long as to gererate
oonfinament stress,

There were three reasons for the second modification of
intra—canal releases, The first was to elimimate the possibilty of canal
fish swimming upstream and out of the camal through the head-gates, the
second was to assess the magnitude of predator mortality in the canal,
and the third was to estimate the instantaneous rate of matural mortality
in the canal.

Water velocity from the headgates to the release point is about 4-7
feet per second. The probability of a smolt swimming several hundred

yards against such a current is remote, Night releases were made in an
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attengt to assess losses from diurnal predators (gulls and squawfish)
known to frequent the canal, If one assunes that the majority of
predator losses occurs immediately after release, befare smolts have had
a chance to locate cover, then a comparison of the survival of day and
night canal releases should estimate losses attributable to diurnal
predator s,

Night releases also served to provide an estimate of the
instantaneocus rate of matural mortality, M, in the canal. Seber (1982)
developed a formula to estimate M from release number axd recapture rate
when a nutber of marked fish suffer simultaneous exponential losses to
natural mortality and exploitation, If most umandled migrants enter the
canal at night and leave the system, either through matural mortality or
being trapped, at the same exporential rate as branded smlts released
into the canal at night, it is possible to use Seber's formula to
estimate M from the release number and mean recapture time of marked,
night-released test fish,

The third modification was designed to assess stress-induced
mortality in canal fish by holding a random sample of fish from each
release group in a cage floating in the canal mntil the recapture of the
last test fish. This method possibly overestimated stress—induced
mortality. Prolonged confinement of migresting smolts 1s itselt a
stressor, as is the descaling and abrasion that resulted fram daily
mortality checks when the cage was partially aulled from the water, In
addition, same fish were able to "gill" themselves by forcing their heads
through the 3/8 inch mesh of the cage.

The fourth and final modification, making river releases only from

the 2-mile point in 198 and 1986, was instituted because river mortality
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was detemmined to be negligible in 1984.

The goal of this effort was to detemmine a relationship between
efficiency and river discharge for spring chinook, Specifically it was
hoped a statistically significant relationship between efficiency and the
mean percent discharge diverted into the canal (P.D.C.) during the base
period could be developed.

Efticiencies were estimated over a 2 to 7-day base period by
means of the following expression:

Ej = Cri equation 1.
Rri {5ri)® {Cci/Rei)
Where E; = estimated percent trapping efficiency
for the ith release;

Cri = total base period recaptures of river-released
fish during the ith release;

Rri = the nmber of fish released in the river
during the ith release;
(Sri)}¥ = river survival for the ith release;
(Sri) = river survival per mile of river

traversed in the ith release;
x = Iniles of river traversed;

(Cai/Rei) = an expression representing the percent of
river fish that resumed migration during
base period and, if entering the camal,
survived passage through it in release i;

Cci = the nimber of recaptures of fish released in
the canal during base period in release i;
Rei = the number of fish released in the camal
in release i,

Appendix Tables B.1, B.2 and B.3 sumerize the results of releases
in 1984, 1985 and 1986. Appendix Tables B.4 and B.5 and B.6 list the
daily recaptures of 1984, 1985 and 1986 releases. Three points are
evident fram these tables, First, the ocarbined data span a wide range of
diversions into the camal (25.7 to 78.4 percent). Secord, the four tests
involving simultanecus releases of steelhead and chinook resulted in

closely comparahle efficiency estimates. Finally, Tables B.4, B.5 and
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B.6 indicate that the speed of outmigration of fish released in
1985 and 1986 was greater than in 1984,

Two factors probably contributed to the accelerated
movement of test fish in 1985 and 1986. In 1985 and 1986 there
were functional exit ports both on the floor of the canal and near
the surface, whereas only the canal-floor exits were functional in
1984. One would expect the recapture distribution of test fish in
1984 to reflect whatever reluctance smolts may have had in
sounding the 12 to 14 feet necessary to reach bottom exits. In
addition, 1985 releases were, on average, about two weeks later
than in 1984, Smolts are known to migrate more rapidly as spring
progresses and the relatively protracted recapture period for 1984
releases is not unexpected.

The P.D.C.-efficiency data from both years was fit to a
logistic relationship with the aid of a nen—-parametric computer
program (Appendix Fig., B.1). Linear, log, power and exponential
regressions were run as well. Although the log regression f£it the
data slightly better than the logistic -—— residual sum of squares
for log and logistic fits were 4,067 and 4,267, respectively —-
the lLogistic fit was chosen because it gave more realistic
estimates with extreme P,D,C, values., In particular, the log fit
predicted efficiencies below zero for P.D.C. values below 19, and
efficiencies greater than 100 for P.D.C. values above 76.
Efficiencies predicted by a logistic relationship are constrained
to fall between 0 and 100 percent,

There are biological reasons to expect a logistic

relationship between P,D.C. and efficiency. When P.D.C, is high,
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Nperdix Tole Bl. Sumery of 1984 efficiency tests at (hadler Caral
{(Recaptires changed to make chronology identical
to 196 axd 1986).

Release Species Date Nrber of Nmber of Base  Base Efficiexy
nurber carel fish river fish period period (percent)
releasad released  legth PG

1. Sring 4¢84 198 B8 Tdys 455 4.5
chinock

3. Sxing 4/17/84 118 210 7dys 4.1 73.3
chinock

Se Sxirng 4/2/8 167 230 7dys 43.8 62.2
chimock

5. Sxirg 42Zi/84 215 598 7dys 539 603
chinock

6. Sxirng 4/29/84 138 197 7dys 53.2 62.7
chinock

10. Sring Ylv/&4 79 105 3days 54.6 94,0
chinook

10. Steelhead 5/11/84 70 120 Jdays 54.6 ai.l

1. Sring 51%84 100 % 3dys D3 21.0
chinock

1, Steelhead 5/15/84 70 99 ldy 29.0 7.2

12, Sring 5/22/84 3] 89 3dys 212 11.6
chinock

Releases 2, 8, and 9 were exclusively intra-canal, while data
from release 7 was discarded due to errors in brand reading.
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Apperdix Thole B2, Smary of 1986 dficiaxy test at Chardler Gaal.

natber relesse cxBl Al }(r:ricﬂP.D.(‘. (percent)
hlding Gy rigt daye)
(days)
1. m 420/%6 13 55 -  1n 3 »4 33.0
2, ing &
1 Y% 12 87 —_— M 2 67.4 87.0
2. Steclbead 5/2/% 12 157 — 37 2 67.4 P03
3' i &
%}l‘g 59Ys 12 197 - 24 2 78.4 1(®.6
3. Seellead ¥/H 12 21 -— 25 2 WA 12
S 1-2 1x 1 235 6 67.4 6.2
] 5/12/ 06
5. g &
232 5 39,7 B8.7
B o 3 1 1
6. %_{ng&
S 1 158 114 300 4 37.4 66,2
el 524/
7. ing &
1= -— 178 3 40 66.5
1.%.1 5%/& 1-2 116 )
8, %ing&
& 2 13 92 198 7 5] 99.2
Al 53V
9. %_{n;&
) 4 4 —_— 28 4 5.7 205
el %Y 7

ad o

spill over the dam is minimal, In addition, the thalweg of the
river is shifted into the canal. If migrating smolts avoid
shallow areas, and if their movements are affected by the thalweg,
one would expect large numbers of migrants to enter the canal when

P.D.C. is high,
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(To make data compatible with efficiency tests in 1985 and 1986,

capture days have been redefined as a 24 hour period beginning and ending at 0800.)

Appendix Table B.4 Recaptures of branded chinock in 1984 ¢fficiency tests at Chandler Canal.

Total Yuile recoputres

2-mile recptures

Total

CGanal recaptures

Release date

Release dates

Release dates

TVLOL

LT AL
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Nyedix Table B.5  Receptures of braded chinook in 196 efficiency test at Gardler Gaal.

2Mile raPphires Total ile recapbures

DRy carel recephaores

1YL0oL

SR/SC/S0
LB/EZ/C0

£8/61/%0

$8/91/%0

Felexe dates

5g/11/¢ca

T¢1l0L

Sg/E0/90

“8/08/50

$E/¢T/50

Tg/E2Z/%0

SB/IGT/S0

SB/91/60

SE/11/6D0

SR/BOSCO

c8/10/50

Relesse dabes

C8/61/%0

1¥101

SBICO/B0
SE/0E/S0
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cRfiL/s0

£8/80/60

Relegpe dates
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S8/ 61/%0
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Recaptures of branded chinock in 1986 efficiency tests of Chandler Canal,

Appendix Table B.6.,

Night canal recaptures

2-mile river recaptures

Day of

Day canal recaptures

release dates

Release dates

recapture

TVLI0L

98/97/50
98/22/S0
98/61/50
98/01/50
38/£0/S0
9g/EG/S0
98/0€/ %0
98/81/%0
S8/51/70

98/2T1/%0

V10l
98/9Z/50
98/23/50
98/61/50
98/ 01/50
GR/L0/SO
98/0E/ 70
98/81/%0
98/c1/ %0

98/z1/%0

VL0

58/9¢/%50

Gg/I1/%0

58 52 57 6l 25 40 21 22 17 22 375

9 11 61

4

2 10 2

5 2

177 92 59 85 52 41 28 36 26 21 617
14 2

5 14 18 182

68 66 35 81 89 50 19 15 18 461

22 44 25 22 1l 16
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2 3
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Estimation of outmigration

Daily outmigration was estimated by dividing actual smolt
trap captures by the daily trapping efficiency. A moving average
efficiency was not assigned to the captures of a given day because
75.7 percent of marked, night-released canal fish in 1985 and 1986
were caught the first night., If handling stress retards migration
rate, one would expect a somewhat greater proportion of unhandled
fish to move through the canal and into the trap the night they
entered the canal, The 7-day moving average used in 1984 and the
3-day moving average used in 1985 are now thought to be

inappropriate,

Assigning bounds to outmigration estimates

The computer program with which 1984 and 1985 data was fit
to a légistic relationship did not have the capacity to estimate
confidence intervals. 1In 1987, every effort will be made to
develop a mathematical technique to estimate confidence intervals
around a logistic fit, At that time outmigration estimates from
1983 on will be revised and confidence intervals will be

described.

Canal survival

Smolt survival in the canal may be expressed in two ways:

as the cumulative proportion of fish that ultimately exit the



canal, or as the proportion surviving continuous residence over a
given time interval. Both measures of survival are significant,
The proportion of a group of smolts that ultimately emerge from
the canal alive is an obvious measure of the canal's function as a
fish passage device. The intra-canal mortality rate associated
with various periods of continuous residence, on the other hand,
has important implications for the estimation of total smolt
outmigration,

Intra~canal mortalities must be accounted for when
estimating both the discharge-specific entrainment into the canal
(the "efficiency™ of the trap), and the total number of migrants
associated with a given raw catch, The efficiency estimator (see
equation 1) contains a term that corrects the number of fish
available for catch for, among other things, the percent lost to
intra-canal mortality. A satisfactory correction for outmigration
estimates has, however, not yet been possible,

The efticiencies calculated for Chandler Canal represent
the proportion of passing migrants diverted into the mouth of the
canal., If no losses occurred in the canal, outmigration {N) oould

easily be estimated as the ratio of raw catch (C) to efficiency

(E):
C/E=N equation 2.
As fish are, however, lost in the canal, the figure for raw catch

must be expanded. If the instantaneous rate of natural mortality

in the canal, M, were known, and if unbranded smolts passed



through the canal in one day, this expansion could be made by

dividing the raw catch by the one-day canal survival rate:

c/eM =N equation 3.
E
The correction summarized in equation 3 was made to
outmigration estimates from 1983 through 1986. Seber's (1982)
formula was used to estimate M from release number and recapture
rate of marked smolts released into the canal at night. The
correction entailed four assumptions:
1.) That unhandled smolts enter the canal at night;
2.} That unhandled smolts move through the canal
in one 24-hr day;
3.) That mortalities are the same for marked and unmarked
smolts; and
4.) That the rates of "leaving the system," either
through natural mortality or being recaptured,

are both exponential.

The first two assumptions are reasonable., Wasserman and Hubble
(1983) observed that the majority of the spring chinook captured
at the Chandler Canal trap were captured at night. As previously
mentioned, 75 percent of marked fish released in the canal at
night in 1986 were recaptured the following morning. The third
assumption is probably reasonable, as 48-hr mortalities among
penned branded smolts was only 3.3 percent. If losses among

marked fish are greater than among unmarked fish the difference



would have to be attributable to predation on disoriented fish
immediately following release, not to acute handling mortality.
The third assumption is, however, definitely not met. Chi~-square
tests of virtually all canal releases are not distributed
exponentially: too many fish are captured the first day, and too
few there after.

Bearing in mind the gqualifications on one-day survival as
given estimated instantaneous rates of natural mortality, Tables
B.7 and B.8 indicate that intra-canal survival is greater for ftish
released at night and for fish released earlier in the season. If
the estimates of M are essentially correct, and if unhandled
smolts move through the canal in one night, losses associated with
canal passage are about 8 percent in April and 13 percent in May.
1f, however, the transit time of unbranded migrants is such that
intra-canal losses are more accurately reflected by cumulative
percent recaptures, then canal mortalities will be on the order of
15 percent in April and 28 percent in May.

Tahle B.7. Estimated survival rates associated with passae of
Gandler Grel by braded chinock amolts released inko
tie caal at nigt o in the day-time in Axil ad May.

Srvival is amiative peroat recaptures o where M
is the estimated instantareous rate of matural mortality,

Dey-releases Night-releases
Srvival as amilative Srvival as Savival as amilative Sxvival as
Mrth  peroet recactures eM percent recaptures e
Axil 61.0 89.3 8.2 92.0
May 57.1 glL.6 72.1 8.2
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Appendix Tahle B,8. Survival statistics for branded chinook smolts confined to a ret
ren in Chardler Canal ard released into the canal during the
day-time or after dark, 1983-1986.

Dery—tine release . __Night-tipe Rel ease

cunylative estimated one~—day camulative estimated one=day net pen
Date peroent instantarecus survival percent instantaneous survival survival
of recaptured rate of de to recaptured rate of doe to {percent)
release and released ratural metural ard natural ratural

rmortality rortality released mortal ity mortal ity
(pereent) (percent)

7-14-86 e —_ —_— 5l.2 -.466 62.8 —
7-8-86 — —_— —_— 55,2 -.430 65.0 —_—
5-26-86 46.3 =277 5.7 57.3 -.154 85.7 51.7a4
5-22-86 45,7 -.119 88.8 60.0 =111 89.5 97.5
5-19-86 46.2 -.154 8.7 64.5 -.114 89,2 91.7
5-15-86 55.7 -.114 89.2 —_ —_ — 9.7
511-86 60.0 -.076 92.7 56.0 -.124 88.3 100.0
5-7-86 60.4 -.154 85,7 — —_— — 93.3
5-3-86 53.3 -.182 83.4 75.3 ~.162 A1 9.7
4-30-86 9.1 -.036 96,5 90.1 -.077 92.6 100.0
4-23-86 52,2 -.137 7.2 —b —b 91.7
4-16-06 72.5 -3 88.4 74.1 -, 095 90.9 88,3
41586  79.2 -.086 9.8 89.0 -.069 93.3 9%,7
4-12-86 B84.4 ~.079 92.4 87.8 -.090 91.4 9.6
6-8-85 18,9 —_ — —_ —— — —
5-31-685 64.1 ~.272 76.2 55.4€ -.371¢ 69.04 98.0
52685 4.1 —.409 66.4 —_ —_— —_— 97.1
5-24-85 50.0 -.397 67.2 77.2 -.216 80.6 9.0
5-20-85  66.7 -.201 771.0 82.9 - 85.6 i00.0
5-16-85 58.9 -.257 77.3 80.3 -.173 B84.1 100.0
512-85 67.5 -.300 74.1 95.3 -.040 96.1 100.0
5-9-85 67.5 -.248 78.0 — — — 90.0
5-2-85 7.3 -.155 B5.6 — —_— — 100.0
4-20-85 49.1 =301 74.0 — —_— — 97.9
5-31-84 17.3 —< —< —_ — — —
5-22-84 29,0 -.266 76.6 — —_ — —
5-15-84 46.0 -.136 7.3 — — m— —
5-11-84 51.9 -.119 B8.8 — — -— —
5-5-84 40.7 -.124 68.3 —_— —_ e —
4-30-84  — —_ —_ —b —>b —b —_
4-29-84 33.3 -.135 87.4 — — _ —_
4-77-84  57.2 -.102 90.3 — —_ — S
4-20-84  61.7 -.093 9.1 — — —_ -
4-17-84  38.1 -.095 90.9 —_— — — -—_
4-15-84 33.5 -.08 92.1 — -_— — -
4-10-84  30.8d -.512¢ 59.9d — — —_ —

Mean cunulative percent recapture, day releases with similtanecus night releases = §3.2 percent.
Mean amulative percent recapture, night releases with similtareous day releases = 76,1 percent,
Grand mesn 48-hour survival of perned fish = 96.7 percent, Msm one—day survival de to ratural
mortality, May night-time releases = §7.2 peroent; May day-time releases = 81,6 percent,

Mean ore~day survival dee to ratural mortality, Apeil night-time releases = 92,0 percent;

April releases = 89,3 percent,

ACalaulated over 72 hours, value excluded fram mean.

Pprand confusion makes data of debious quality, Values excluded fram means.

CFish ere over-anesthetized dwring tranding, These values excluded from means.

drish had to be re-branded and were inordinately stressed, These values excluded from means,
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Agrendix Table B,9 Iegend for daily message headings weed in
Apperdix Tahles 10 ~ 15,

WSIK = Wild spring chinook

WROK = Wild fall chinock

HSGHK = Hatchery spring chinook, all releases,
HROHK = Hatchery fall dhirook, branded fish orly,
WSIHH = Wild steellead

HYH = Hatchery steeltead

D = Hatchery o

NOVES = Ratdhery spring chinock released Noverker, 1984,
in upper Yekime, Branded fish only.

SEES = Hatchery sring chinock released Septenber, 1984,
in uoer Yakima, Branded fish only,

HRIV = Hatchery sring chinook amilts trucked to upger
Yakima in April amd released inmediately.
Braxdkd fish only.

FIND = Hatchery srirg chinedk awdlts allowed acclimetion
in pord on Yakima River befare volitioral
relesse March 28, Braxded fish only.

JING = Hatchery spring chinook fingerlings released
Jue, 198, in yyer kime, Branded fish only.

TRAT = Habcddery rairbow troue, o ad-clip, aunpled doesal,

SALAH = Wild Yakima River spring chinook braded and relessed
rear Selah in the spring of 19486,

NYH = Wild Nadhes River spring chinock braxied in the fall
of 1986 & they migrated past Wepatox trap.

WILD = Hatcheny-reared rative Yakima River spring chinodk
gmilts, Acclimated in pord on Yakima River, allowed
voliticral relesse March 28,

HYBRID = Hatchery-reared progery o wild Yakima River meles ad

L.NF.H famles, Acclimated in pord on Yekima River,
allowed volitional release March 28,
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Qutmigration for July, 1986 Prosser trap.

Appendix Table B.15.

E oo
it
1
ggoc
ggOG
a [= o]
2
ag”"
o
5
%Eco
% [=J ]
o
% —
3] L]
o
e
E oo
3¢
g
£ as
it
E —
8 oo
i
2pte
T
i
EEOF"
2 oo
=5
éEN\D
= 4l
E oo
L
RE
L 7]
E — ™

ooOo

11

50

[

36

64

(=R =)

oo

[= R =]

(=R

[=R =)

20
14

68
3z
27
22
26
27
13

10
11
12

oo

oo

kRS

13
14

17
12
34

[s =]

Lot ==

15
16
17
18
19
20

[=]

[l

21

(=)

oo

[a= )

[ ]

[N

oo

[aN )

oo

11
21

21

14

22
23

24
25
26
27

11

29

11

30
31

o

19

19

30

738







Apgperdix G,

Prosser Diversion dam trap adilt counts
Aril, 1986—July, 1986
ad
Rea diversion dan tragp adilt coats

May, 1986—Sgtarber, 1966,

178






butierado 3N = oA
* (10/50 - T0/80) peoyoe3s Iawms ‘ (TEAT - 10/80) wooutyo TRl ' (16/40 01 Buraunm Jo 3aw3s) sooumyn butxds

807¢ oZy -~ ozr H0TT oz 0 ozy - - - - 1730
TRUOSTS
LET 0z - oz LeT ozh 0 (V747 - - - - =1y
ATRIH
8072 ird4 0 (1742 4 89 0 89 o/t oA c/u o/ 98,/06/%0
[{iraa A%y 0 A5 0 19 0 L9 o/l o/ o/l oM 98/6Z,/%0
p0z2 G87 0 682 4 G6 0 S6 oA o/ o/ a1 98,/6T/%0
20ze 06T 0 061 z v 0 €T o/ o/ oM oMl 98/L2/50
00Ze L9T 0 91 z 4 0 z a/u v/ o/ o/ 98,/92,/v0
9612 vl 0 ort z 62 0 67 oAz ol o/t 2/ 9MB/5L/H0
9617 11t 0 111 4 T4 0 gz o/ o/lu o/ o/l 98/%2/ 0
¥61Z o 0 8 £ 6 0 6% o/ o/l o/a o/ 98/€T/¥0
161C 14 0 vE 9 9 0 14 oM oMl oM o/l 98/2T/H0
SBIZ 6 0 6 jus 11 0 9 o/u Al o/u oA 98/12/%0
[Zh¢4 £ 0 € L 1 0 [ oAl o/ o/ o/l 98 A7,/%0
1917 4 ] T |8 T 0 AL DAl RIC A 98,/61 /10
(1974 0 0 0 9 0 i [} AT Al o oAl 9BAAL0
Lz 0 0 0 0 0 0 0 o/u oAl o/ oMl 9R/LT/10
I4:2¢4 0 0 0 z 0 0 0 oAl o/ oAl o, 98/91/%0
Shie 0 0 0 0 ) 0 0 o/r o/ o/ ofu 98/5T /%0
SHIC 0 0 0 4 0 0 0 a/l o/u c/u o/ 98/%T/%0
Wiz 0 ] 0 o 0 0 0 oM o/ o1 oAl 98/€1/%0
WI% ] 0 0 0 0 0 0 o/u ofu o/u oM 58/2 /%0
™z 0 0 0 v 0 0 0 o/t a1 oAt o/u 98/TT/v0
LET2 0 0 0 S 0 0 0 o/u ot o/ o/u 98/0T/%0
ZETET 0 0 0 €T 0 0 0 o/ o/t o/u o/ 98/60/%0
611T 0 0 0 L1 0 0 ¢ ol o/u oAz o/t 98/80/%0
z01Z 0 i} 8 0T 0 0 0 oM oMl o o/l 9/10/%0
2607 0 0 0 ST 0 0 0 oM o/t oM o/l 98,/90,/v0
LinzZ 0 0 0 z 0 0 ¢ oAl o/ o/r o/ 98/50/%0
SL0T 0 0 0 1 0 0 0 o/ oM o/u ofu 98/%0,/%0
vi0T 0 0 0 Z 0 0 0 o/ ofu oL o/ 98/60./%0
e 0 0 0 T 0 ¢ 0 o/u o/u o/ o/ 96,/0/%0
Tz 0 0 0 - - - - - - - - 98,/10,/v0

PRI IS ™0 syoel FImpe peEIIs TeI03 syoel sITpR [sedipcaist T=I03 el IR
oounp HoouTy) HORUTUD HOooUTUD HOOUTLD) HoauTY) oo HOCUT HOUTD aal

abesgad asTyeIUIg den 1EqED oy yumy bty

" OGT ;A.Za IO RAFT BT 0 WP UOTSIOATE TSSO TN apTRh x1pasrkly




*Buryesado 3o = o
* (T0-50 - T0/80) peaqrswls samns ! (TE/ZT - 10/80) ooump [Teg ‘({TE/LD 03 Butaunm 3o 31e38) yoouTp BuTadge

6 VeTL 9T 8569 9 £TLE L 9TLE £ ¥ 6T Wit icetest
Taoseag

6 vLL9 9tz BES9 9 EDEE L 962 3 L 62T THEE ™303
Ao

6 PeTL 9T BSE9 0 o 0 0 0 e 5 62 93/1€/%0
6 09TL 12 6269 0 £ ) £ 1 & £ 9 98,/0€/50
8 BZ1L e 0063 0 oF ¥ 9€ 0 17l t 9 9/62/50
g LTOL \ra 1699 0 9 0 92 T S¥T €1 el 98,/8Z,/50
L 9¥89 407 6E99 0 Al 0 Lans 0 20z 8T pul 98/(Z/50
L 0€59 681 E9 0 6 ] 6 0 £5T 91 LIT 98/92 /50
L YO £t TET9 0 03 0 o8 0 95T 6 L¥T 98,/52/50
L 8909 ¥oT Y065 0 z 0 z 0 8 g 4 98/%%/50
L 8109 84T 0985 0 A 0 44 0 86 ¥ ¥6 9W/ET/0
L 8065 $ST yals 0 3 0 24 0 191 ] SatT 98/¢Z/50
L YIS :141 %56 0 621 1 w21 0 192 ZT 6rZ 98/12/%0
L (48] of T 6415 o 91z 0 9Tz 0 £ 0z £6¢ 98,/02/50
L Hob qTT 0S¥ 0 01 0 07 0 8a% 8t 0S¥ 98/61/90
L 680¥ LL TIior 0 [ 0 A 0 £65 o 8bs 98/81/50
L 69tE A3 LEEE 0 £ 0 € 0 L6 8 68 98/L1/50
L 6KE vZ S¥ZE 0 8 0 8 T 9t z vE 98/91/50
9 STZE 7z £0Z€ ] ¥ k4 2T 0 o9y Lt 24 98/51/50
9 1434 £ 829z 1 05T 0 oat 0 o € £ 93/%1/50
s 15 74 0 S ] oz 0 we o/ o/ ofu o/u %/E1/50
S 9T ¢ 827 0 £5¥% 0 34 o/ o/u o/ oMt 93/21/50
S AAY 0 GLLT 0 761 0 26T o/ oM o/ o/t 9|0
S £8ST 0 €851 0 11 0 T oM o/l o/ o/ 98/01/50
5 TIST 0 TSt 0 ve 0 ¥ o/l o/l o/ oM 98/60,/50
g 1374 0 8EST 0 vZ1 0 vet a/a o/ o/l o/u 98/80/50
5 131024 0 (a1 a¢ 0 8L 0 8L ofr o/t oA o/ 9/10/50
g 9T 0 oftl T 89k 0 a9t o/ o/ o/ o/u 98/90/50
v 898 0 898 0 LLT 0 L ofr o/ o/t o/t 98/50,/50
¥ 169 0 169 T SLT 0 ST oM o/u oAl o/ 98/¥0/60
£ 91§ 0 916G 0 n 0 11 oMl o/ o/ o/ 98,/£0,/50
£ <0 ] <05 0 91 0 91 o/u o/u o/u o/ 98/20/50
£ 687 0 68% £ 69 o 69 ofr ofu o/t o/ 98/10/60
peay 9IS =M spoel sImpe  pesy IS = el s3TNpe e s bz vsl el syTnpe 9w

abessed saTETUIO dery J9uED dexny yueg WbB™

9861 fad 303 Junco dery 3TNPR uRP UOTSISATD 188%03d  *7°D aTael xTpusddy



* {10/50-10/80) pesy@e3s Jamns ‘ (I£AT-10/80) oouTw T3 ‘{I£/£0 03 SUnuND 1o 31E38) ouT butdse

vE Lee's 4,3 see’e eT¥i03
TeIOSES

S £16°T 601 ’r't 0 979 0z 909 5 L06 +:] [4#] juatest
Arpuon

L4 Lzi's we 9BE’e 0 Z 0 z z 9 Z v AL/
Al 6IL'8 6E€ oot's 0 ] 0 a 0 0T z 8 9m/6/90
FA T0L'8 1EE t9e’s ¢ 0 0 0 0 6 0 6 98/82/90
7T 769'8 LEE ssi's 0 z 0 z £ I74 3 T 98/LL/0
6 £99'8 "L €68 0 4 ] ¥ 0 6 z L 9|/’
6 059°'8 0£c 0zE's 0 3 0 € ] a 0 g 99/52/%
6 659’8 0ce eQe'e ] 0 0 0 0 74 z T 984/
6 919’8 8¢ 88z's 0 14 1 £ 0 15 ¥ v 9/%7/%
6 195'8 £ 8ET'e 0 9T T ST 0 09 0 09 98/2T/9%0
6 =1 "] TeE £97'8 0 92 1 ¥4 0 65 S vs  98/XZ/%0
6 oov's 91¢ ¥e0's 0 ¥ 1 £ 0 ST T YT 98/07/90
6 '8 91t t90’s o 124 0 ¥T 0 ¥ 0 v 9%/61/%
6 £56'8 ¥ie 6£0'8 0 st 0 ST 0 44 z 0z 98/81/90
6 9TE's TlE ¥00‘8 0 92 0 9z 0 61 1 8T  98/LT/90
6 1L2'8 11e 0967 L 0 a1 0 ST 0 i 0 LT 99/9T/9%0
6 6E2'e T 86’ 0 z ] z ] 1 0 T 98/51/%
6 2's TIE or6' L 0 ) ] 0 0 14 T 0z  98/v1/%
6 soz’'s 01t 568’ L 0 z 0 z ] &1 t 41 98/£T/90
& yat's &0t 1 A 0 ot ¥ A 0 Le z £ 98/2T/90
6 L' £0€ yI8'L 0 €5 1 TS 0 9 ot 9l 9,/
6 8L6'L 6T 999°L o S1T 0 ert 0 aT 6 0T 98401/
6 ovLiL £87 'L 0 oL i} oL 0 ¥8 0t ¥L 98/60/90
[ WS'L €12 eIe’L 0 ot z =14 0 86 T 9% 98/80/90
6 tRE‘L 65T 8L 0 w ¥ 8 0 44 9 8 98/10/9%0
6 T0e'L (374 z50°L 0 a4 v 81 0 13 1 0T  98/90/90
6 89zt e ¥IO'L ) 44 0 71 0 s 0 S 9%/50/%
6 'L e 100°L 0 S 0 S 0 6 g v 98/v0/90
6 ixAF 6ET 866’9 0 ¥ 0 4 ] L 1 9 98/£0/%
6 w7 -Trd 8869 0 13 0 ¥ 0 i1 1 01 98/20/90
6 'L L£T SL6’9 0 6 1 8 0 8 0 8 98/10/%0
PRATI9IS TR0l syel IR pesureess  Teaod ooel  SITpe  peAIs el SRl smee a3

abussed aATIRTIWD dery J9uRD de1y wreq ubTy

‘96T ‘aunf 103 Junco derl TP uep UOTSISATD 136S0id  “€°D aTdel




" (10/50-T0/80) peayT@els Jamns *{TL/2T-T0/50) ounp (193  (1£/40 03 Bumunm o Je3s) ywounp RTxke

(34 T16’8 6bt £95'g EJeles!
TeUosess

6T G817 ] LT £9 z 19 Z zet 9 911 °303
Ampuad

37 T6'8 (3.9 £9%'g 0 0 1] 0 0 0 0 0 9/TE/W
154 1168 6¥E £95’8 o 0 0 ] 0 0 0 0 98/8/L0
£ 116‘8 6YE £%5'e T o 0 0 1 1 1 0 98/62/00
w 116’8 are £95'8 ¢ 0 0 0 0 0 0 0 98/87/t0
54 116°8 avt £96'8 0 o 0 0 0 Q 0 0 WB/2/D
w 116°8 8¥e¢ £95'g T 0 0 0 I 0 0 0 98/9%/L0
6¢ 116'8 1 £96°8 T ¢ 0 0 0 T o T 98/52/00
BE 016'a 8¥e 295’9 o 1 0 1 1 0 0 0 98/%T/L0
113 606'8 8YE 95°8 0 0 0 0 I 0 0 0 984T/
9% 606°9 8¥e 195’8 0 0 0 0 0 0 0 0 98/ZZ/L0
9 6068 B 1968 0 0 0 0 T z 0 7 WAL/
= L06'8 ave 655'89 0 g G £ 0 z 0 T 9.Az/Lo0
ge T06°8 8¥E vss'e 0 0 0 0 0 T 0 T %/6T/l0
=3 1068 gvt £55°8 0 0 0 0 0 S 1 v 98/8T/t0
S¢ 2%3'% L1E 6%5'8 0 z 0 z 0 W 0 0 98/L1/1D
&€ veR’s ive s’ 0 0 0 0 0 S 1 v 98/91/L0
[ 689'8 9t re's 0 S 0 g 0 S 0 S /AL
s 6188 9t ££5°8 0 L a L 1 5 o S 9B/FL/LD
ve 198°8 9%E 125’y o 9 0 9 0 £ 0 £ WA/
e as8's o z15'8 0 z 1 T T 9 o 9 98/
23 file: o 159 505'8 ¢ 0 0 0 L 9T I ST WAV
9z vea's 1449 06%'8 0 9 1 g £ 48 0 YT 98 AT/L0
£ w8 ja 79 Tr's 0 9 0 9 0 28 I £1 98/60/L0
FaA ¥6L'8 Zve Zsv's 0 z 0 z 0 71 1 T 98/80/L0
7 |mL'y e 6EY‘8 0 6 0 6 1 1T ] 1T 98/0/i0
T 09te‘s e W' 0 8 0 8 1 ¥ 0 v 98/90/L0
jra gL' e wy's 0 I 0 1 S L o T 98/50/(D
9t 9vL’a e cop'g ] 0 0 0 1 ¥ 0 P 98/v0/L0
st FAJAL:] e 0¥ 0 z o z 1 v o vt 98/80/L0
¢ 9tL's we G6L’g 0 1 0 I 0 1 0 T 98/40/t0
¥l ¥iL'B e €688 0 z 0 z 0 S 0 S W0/
peTaels TR0l syoel sympe pesqreels el SRl sappe peses Tedol Soel sympe Skl

deTy 1IWRD dexy wureq whTy

*986T YATr 103 un dRIY INPR WD UOTSTAATD IBSOLE ‘b3 OTORL



Apperdix Table G5, FRoza diversion dem adult fish cont for May 1986.

Daily passage Qmulative passage

Date adults jacks total Steelhead adlts jacks total Steelhead
05/01/86 n/o n/o /o n/o n/o no n/o o
05/02/86 n/o /o n/o o n/o n/o nfo /o
05/03/86 no n/o n/o n/o n/o n/o n/o n/o
05/04/86 nfo n/o n/o n/o n/o o n/o o
05/05/86 /o /o n/o n/o n/o n/o n/o n/o
05/06/86 /o /o n/o n/o n/o o n/o /o
05/07/86 n/o n/o n/o o n/o /o /o n/o
05/08/86 /o no n/o n/o n/o n/o /o n/o
05,/09/86 n/o n/o n/o n/o /o n/o n/o n/o
05/10/86 n/o /o /o /o /o nfo /o n/o
05/11/86 n/o n/o n/o n/o /o n/o n/o n/o
05/12/86 n/o n/o n/o no /o n/o n/o /o
05/13/86 6 1 7 0 6 1 7 0
05/14/86 2 0 2 0 8 1 9 0
05/15/86 10 1 n 0 18 2 20 ]
05/16/86 10 0 10 0 28 2 30 0
05/17/86 p.:] 7 36 Q 57 9 66 0
05/16/86 16 3 18 0 73 12 85 ]
0%5/19/86 61 7 68 0 134 19 153 Q0
05/20/86 64 7 7l 0 198 2% 224 0
05/21/86 21 1 ] 0 219 o) 246 0
05/22/86 20 1 b1 o n9 28 267 0
05/23/86 42 0 42 0 281 28 309 ]
05/24/86 13 1 34 0 314 2 343 0
05/25/86 8BS 26 12 0 400 55 455 0
05/26/86 90 2 11 0 490 76 566 0
05/27/86 18] 13 214 0 671 109 780 0
05/28/86 124 13 137 0 795 122 917 )
05/29/86 133 2 135 0 928 124 1052 0
05/30/86 7 4 ® 0 1006 128 114 ]
05/31/86 100 1 101 0 1106 129 1235 0
Monthly

total 1106 129 1735 0
Seasoral

total 1106 129 1235 0

/o = Not gperating.
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Table C.6, Roza diversion dam adult fish count For June, 1986,

Daily passage Omilative passage

Chinook Chinook Chinook Chinook Chinook Chinook
Date adults jacks total Steelhead acults jacks total
06/01/86 32 0 32 0 1138 129 1267 0
06,/02/896 23 0 A 0 1161 129 1200 0
06/03/86 3 0 3 0 1195 129 1324 0
06/04,/86 k] 2 42 0 124 131 1365 0
06,/05/86 139 12 151 0 13713 14 1516 0
06/06/06 125 3 128 0 1498 146 1644 0
06/07/86 17 0 17 ] 1515 146 1661 0
06,/08,/86 7 ¢ 7 0 1522 146 1668 ]
06/09/86 19 0 19 ] 1541 146 1687 0
06/10/86 15 1 36 0 1576 147 1723 0
06/11/86 4 .0 4 0 1617 147 1764 0
06/12/86 28 1 29 0 1645 148 1793 0
06/13/96 25 0 25 0 1670 148 1818 0
06/14,/86 42 7 49 0 1712 155 1867 0
06/15/96 34 0 k7] 0 1746 155 1901 ]
06/16/86 40 1 & o 1786 156 1942 0
06/17/86 44 2 4% 0 1830 158 1988 0
05/18/86 28 4 2 0 1858 162 2020 0
06,/19/86 16 2 i 0 1874 164 2034 0
06/20/86 35 3 38 0 1909 167 2076 ]
06/21/86 31 2 33 0 1940 169 2109 0
06/22/86 24 4 28 0 1964 173 2137 0
06/23/86 0 s 75 0 2034 178 2212 0
06/24/86 61 5 66 0 2085 18 2278 0
06/25/86 65 3 68 0 2160 186 2345 0
06/26,/96 30 3 33 ] 2150 189 2379 0
06/27/86 2% 3 29 0 2216 192 2408 ]
06/28/86 24 2 % 0 2240 194 2434 0
06/29/86 17 0 17 ] 2257 194 2451 0
06/30/86 2 2 24 0 2779 19 2475 0
Monthly
total 1173 &7 1240
Seasoml
total 2279 196 2475

n‘o = Not crerating,
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Tahie C,7. Roza diversion dam adult trap cont for July, 1986,

Daily pmssage Qmulative passage
Date adults jacks total Steelhead adults Jacks total Steelhead
07/01/86 30 6 36 0 2309 202 2511 0
07/02/86 15 1 16 ] 024 203 2527 0
C7/03/86 1 1 12 0 pix ] 204 2539 0
07/04/86 8 2 10 0 B8 206 2549 0
07/05/86 14 1 15 0 2357 207 2564 0
07/06/86 8 1 g ] x> 208 2573 0
1/07/86 26 5 11 Q 2391 213 2604 0
07/08/86 a5 4 3 0 2426 ar 26483 0
07/09/86 26 3 29 0 2452 220 %672 0
07/10/86 12 1 13 0 2464 21 2665 0
07/11/86 3 2 8 0 2470 21 2693 ]
07/12/86 9 1 10 0 2479 224 2703 0
07/13/86 5 2 7 0 2484 226 210 0
07/14/86 22 6 28 0 2506 n2 7738 0
07/15/86 10 3 13 0 2516 235 751 0
07/16/86 7 1 8 0 2523 236 2759 0
07/37/86 g 1 9 Q 2531 7 2768 ]
07/18/86 9 0 ] 0 2540 n7 nn 0
07/19/86 10 1 1 0 2550 238 2788 0
07/20/86 14 1 15 0 2564 239 2803 0
07/21/86 19 9 28 0 2583 248 2831 0
07/22/86 n 1 24 0 2606 249 2855 0
07/23/86 39 9 48 0 2645 258 2903 0
07/24/86 20 1 21 0 2665 259 2924 0
07/25/86 25 2 27 0 2690 261 2951 0
07/26/86 15 2 17 0 2705 263 2968 0
07/21/86 3 ) 3 0 2708 263 2971 0
07/26/86 7 1 8 0 2715 264 2979 0
07/29/86 4 3 7 ) 719 267 2986 0
07/30/86 6 1 7 0 2725 268 2998 0
07/31/86 22 0 2 ¢ Py 268 3015 0
Monthty
total 3242 229 7 3 3206 ? 3w 6
Seascral
total 3242 229 7L 3 3716 7 73 6
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Table C.8. Reza diversion dam adult Fish comt for August, 1986,

Daily passage CQunulative passage
Date adults jacks total Steelhead adilts Jacks total Steelhead
08/01/86 9 1 10 0 2756 269 3025 0
08/02/86 10 2 12 0 2166 mn 3037 ]
08/03/86 5 ] 5 0 77 m 3042 0
08/04/86 p:| 8 37 0 2800 719 3079 ]
08/05/86 6 1 7 0 2806 280 3086 0
08/06/85 6 1 7 0 2812 28 3006 )
08/07/86 6 0 6 0 2818 - 281 3099 0
08/06/86 1 0 1 0 2819 28] 3100 0
08/09/86 2 ] 2 0 2821 281 3102 0
08/10/86 2 0 2 0 2823 28] 3104 0
08/11/86 3 0 3 0 2826 281 3107 0
08/12/86 3 0 3 0 2829 28 3110 0
08/13/86 0 0 0 0 2829 281 3110 0
08/14/86 7 0 7 0 2836 281 317 0
08/15/86 2 0 2 0 2838 281 3119 0
08/16/86 3 0 3 ] 2841 281 1122 0
08/17/86 0 0 ] 0 2841 281 122 0
08/18/86 1 0 1 0 2842 261 3123 0
08/19/86 1 o 1 0 2843 28% 3124 0
08/20/86 1 0 1 0 2844 281 3125 0
08/21/86 2 0 2 0 2846 281 3127 0
08/22/86 6 0 6 0 2852 2 3133 0
08/23/86 1 0 1 0 2853 281 kLY 0
08/24/86 2 0 2 0 2855 281 3136 0
08/25/86 4 ] 4 ¢ 2859 281 3140 0
08/ 26/ 56 7 0 7 0 2866 281 3147 0
08/27/86 8 0 8 0 2874 281 3155 0
08/28/86 10 0 10 0 2884 281 3165 0
08/29/86 16 1 17 0 2900 282 3182 0
08/30/86 14 0 14 0 2914 282 3196 0
08/31/86 9 0 9 0 2923 2@ 3205 0
Monthiy
total 176 14 190
Seasoral
total 2923 282 1205
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Table C.9. Roza diversion dam adult trap count for September, 1986.

Daily passage Qmilative passage

Iate adults jacks total  Steelhead adults jacks  total Steelhead

3 Fgl R e s

09/01/86 4 t] 4 0 2927 282 3209 0
09/02/86 3 0 3 0 2930 282 3212 0
09/03/86 2 0 2 0 2932 282 3214 0
09/04/86 1 0 1 0 2933 282 3215 0
09/05/86 2 0 2 0 2935 282 3217 0
09/06/86 8 0 8 0 2943 282 3225 0
09/07/86 0 0 0 0 2843 282 3225 0
09/08/86 1 0 l 0 2044 282 3226 0
09/09/86 1 0 1 0 2945 282 3227 0
09/10/86 0 0 0 0 2945 282 3227 0
09/11/86 1 0 1l 0 2946 282 3228 0
09/12/86 2 0 2 0 2048 282 3230 0
09/13/86 0 0 0 0 2948 282 3230 0
09/14/86 0 0 0 0 2948 282 3230 0
09/15/86 1l 0 l 0 2949 282 3231 0
09/16/86 0 0 0 0 2949 282 3231 0
09/17/86 0 0 o 0 2949 282 3231 0
09/18/86 8 ] 8 2 2957 282 3249 2
03/19/86 0 1 1 0 2957 283 3240 2
09/20/86 0 0 0 0 2957 283 3240 2
09/21/86 1l 0 1 0 2958 283 3241 2
09/22/86 2 0 2 0 2960 283 3258 2
09/23/86 0 0 0 0 2960 283 3243 2
09/24/86 2 0 2 0 2962 283 3245 2
09/25/86 0 1l 1l 0 2963 284 3246 2
09/26/86 1 0 1 0 2964 284 3247 2
09/27/86 0 0 0 0 2964 284 3247 2
09/28/86 0 0 0 0 2064 284 32947 2
09/29/86 4 0 4 0 2968 284 3251 2
09/30/86 0 0 0 0 2968 284 3251 2
Monthly

total 44 2 46 2
Seasoml

total 2967 284 3251 2
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Taphle C.9. Roza diversion dam adult trap count for September, 1986.

Deily essage Qmulative passage

i hi finoo hinock  Chi inook
Date adilts jacks total  Steelhead adults Jjacks total — Steelhead

09/01/86 4 0 4 0 2977 282 3209 0
03/02/86 3 ¢ 3 0 2930 282 3212 0
09/03/86 2 0 2 0 2932 28 3234 ¢
09/04/86 1 0 1 ] 2933 282 3215 0
09/05/86 2 ] 2 0 2935 2682 3217 0
09/06/86 8 0 8 0 2943 282 3225 0
09/07/8%6 O 0 0 0 2943 28 3225 0
09/08/86 1 0 1 0 2944 282 322% 0
09/08/86 1 0 1 0 2945 282 3227 0
09/10/86 0 0 0 a 2945 282 2z Q
09/11/%6 1 ¢ 1 0 2946 282 3228 ¢
09/12/86 2 0 2 ] 2948 282 330 0
09/13y/86 0 ] 0 0 2948 28 3230 0
09/14/86 © 0 ¢ 0 2948 282 3230 o
09/15/86 1 0 1 G 2949 282 3231 0
09/16/8 O 0 0 0 2949 282 3231 0
09/17/86 O ] 0 ¢ 2949 28 3231 0
09/18/86 8 ¢ 8 2 2957 282 3249 2
09/19/86 O 1 1 0 2957 283 3240 2
09/2/86 0 0 0 0 2957 283 3240 2
09/21/86 1 o 1 o} 2958 283 3241 2
09/22/86 2 0 2 0 2960 283 3248 2
09/2y86 O 0 0 ¢ 2960 23 3243 2
09/24/86 2 0 2 0 2962 283 3245 2
09/25/86 O 1 1 0 2963 284 3246 2
09/26/86 1 0 1 0 2964 284 3247 2
09/21/86 0 0 0 0 2964 284 3247 2
09/28/86 O 0 0 0 2964 284 3247 2
09/29/86 4 ¢ 4 0 2968 284 3251 2
09/3/86 O 0 ] ] 2968 284 3251 2
Monthly

total 44 2 46 2
Seasoral

total 2967 284 3251 2
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